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ABSTRACT

This report evaluates the condition of the Pacific whiting (Merluccius
productus) resource in 1990, exami nes alternative harvesting strategies, and
devel ops a suggested acceptable biological catch (ABC) for 1991. The harvest
of Pacific whiting in 1990 is expected to be 269,500 netric tons (t), down
froma high of 309,000 t in 1989. The fishery continues to be supported by
the strong 1980 and 1984 year classes. Assessment surveys in 1989 estinated
the popul ation biomass as 1.637 mllion t, a decline of 24% from estinates
made in 1986. In the 1990 assessnent, the stock synthesis nmodel was used to
estimate age-structured popul ation abundance, past |evels of female spawning
bi omass, and recruitnent for the 1959-87 year classes. The assessnent node
was revised to include geographic structure; the paraneters of a curve
defining the annual mgration of fish across the U S.-Canada border were al so
esti mat ed. Recruitnment estimtes and fishery selectivity coefficients from
the stock synthesis nodel were used with an age-structured simulation nodel to
estimate sustainable yield under different harvesting strategies and |evels of
risk. Several harvesting strategies are explored: a constant F strategy, a
variable F strategy where fishing nortality for a particular year is
proportional to the |evel of female spawning bionmass, and a hybrid strategy
that conbines features of the other two policies. The hybrid strategy avoids
the extreme variability in yield of the variable F strategy, yet protects the
stock at low levels of female spawning biomass. Long-term average yield
depends on the level of risk the managers are willing to accept. Risk is
associated with the probability that the femal e spawning biomass will fall
bel ow a cautionary level of 457,000 t. Estimates of average yield ranged from
168,000 to 227,000 t for the constant F strategy and from 187,000 to 235,000 t
for the hybrid strategy over a reasonable range of risk levels. Wen a hybrid
fishing strategy is applied to the projected nunbers at age in 1990, the
potential yield is calculated to be 253,000 t for a noderate-risk strategy.

The prospects in the inmrediate future for the Pacific whiting resource are for
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stable or declining yields depending on the tinmng of the next strong year

cl ass.
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| NTRODUCTI ON

Pacific whiting (Merluccius productus), also known as Pacific hake, is a
mgratory gadid distributed al ong the west coast of North Anerica from Baja
California to Queen Charlotte Sound. Adult Pacific whiting mgrate north in
spring and summer, feeding in the productive waters along the continental
shelf and slope fromnorthern California to Vancouver Island. [ n autumm,
Pacific whiting mgrate south to spawning areas from Point Conception,

(Fig. 1), to Baja California (Bailey et al. 1982). The midwater traw fishery
for Pacific whiting, operating in both U S. and Canadian waters, targets on
dense feeding aggregations of fish that occur along the shelf break from April
to November.

Francis and Hol | owed (1985) summarize the history of the coastal fishery
for Pacific whiting as follows. A small donestic fishery for whiting has
existed since at least 1879. The Soviet Union initiated a foreign fishery for
this species in 1966. Between 1973 and 1976, Pol and, the Federal Republic of
CGermany (West Germany), the former German Denocratic Republic (East Gernany),
and Bulgaria entered the fishery. The estimated catches of Pacific whiting
ranged from 118,000 to 238,000 metric tons (t) during this period of expansion
(Table 1). Catches peaked in 1976 and were subsequently reduced, due
primarily to restrictions on foreign effort inposed after inplenmentation of
t he Magnuson Fi sheries Conservati on and Managenent Act (MFCVA) of 1976.

A joint venture fishery for Pacific whiting started in 1978 between
foreign nations and the United States. In recent years (1980-88), this
fishery, involving predom nately Soviet and Polish processing vessels, has
accounted for an increasing percentage of the whiting catch in the U S. and

Canadi an managenent zones. At the sane time, the foreign fishery has declined

in inportance (Table 1). In 1989, there was no foreign fishery for Pacific
whiting in US. waters. In Canadian waters, the foreign fishery has also
decl i ned.

Conbined U.S. and Canadi an catches were bel ow the recommended | evels
during the period from 1977 to 1986. Wth the domestication of the US.

fisheries in the Gulf of Aaska and Bering Sea, foreign interest in Pacific,



2

whiting has increased in the last few years. In 1987, the conbined quota for
the United States and Canada exceeded the acceptabl e biol ogical catch (ABQ)
for the first tine. The coastal Pacific whiting resource is now fully
utilized, and in 1989 the combined U S. and Canadi an catch was 309,000 t--the
| argest yield since the inception of |arge-scale exploitation in 1966.

In 1990, research on the biology and nanagenment of the coastal Pacific
whiting popul ation at the Al aska Fisheries Science Center (AFSC) focused on
1) investigation of the mgratory characteristics of the population within the
stock synthesis franmework; 2) analysis of the results of the 1989 west coast
acoustic and bottom traw surveys, including reestinmation of the natura
mortality rate; 3) exam nation of seasonal variability in the Pacific whiting
| engt h-wei ght relationship to determne the inpact of a conpressed fishery on
the sustainable yield; and 4) devel opment and analysis of a long-term
allocation plan to split the yield between the U.S. and Canadi an fisheries for

Pacific whiting.
CATCH ATTRI BUTES

Catch-at-Age Estimates

Estimates of catch at age for the joint venture fishery in 1989 were
cal culated using the procedure developed by Kinmura (1989). Wth this nethod
the yield for a given stratumis distributed by age by applying the | ength
frequency data to age-length and wei ght-length keys conpiled for that stratum
A background age-length key was used to fill in the gaps in the keys conpiled
for each stratum  The following three spatial strata were used: 1) the EUR
region, the area fromlat. 39°00'N to lat. 43°00'N, which contained the entire
Eureka International North Pacific Fisheries Conmission (INPFC) region and a
portion of the Mnterey INPFC region; 2) the southern Colunbia (SCOL) region,
the area fromlat. 43°00'N to Cape Falcon (lat. 45°46'N) in the Col unbia | NPFC
region; and 3) the Vancouver-North Colunbia region (VNC), the area from Cape
Fal con to the U.S.-Canada border, which included the northern part of the
Col umbia I NPFC region and the U S. portion of the Vancouver |NPFC region
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(Fig. 1). Table 2 contains the estimated U S. fishery catch at age for 1978-
89 (Jerald Berger, U S. Foreign Fishery Observer Program Al aska Fisheries
Science Center, National Mrine Fisheries Service, NOAA 7600 Sand Point
Way NE, BIN C15700, Seattle, WA 98115. Pers. comun., My 1990), and the
Canadi an catch at age for the corresponding years (Mark Saunders, Pacific
Bi ol ogical Station, Departnent of Fisheries and Cceans, Nanaino, B.C. VIR 5K6.
Pers. comun., My 1990).

Spatial and Tenporal Characteristics of the Catch

Figure 2 shows the spatial distribution of md-water traws in the 1989
U.S. joint venture fishery for Pacific whiting. In April, the fishery was
concentrated in the southern portion of the Colunmbia I NPFC region and in the
Eureka INPFC region. In My, fishing effort was widely distributed fromthe
Eureka INPFC region north to the international boundary. In June, the area of
fishing activity contracted slightly, but remained widely distributed in
patches along the coast. Fishing activity tended to be concentrated near the
200 misobath, which marks the edge of the continental shelf. In addition,
there was an area of intense fishing activity inshore of Heceta Bank | ocated
near lat. 40°00'N

The regional characteristics of the catch at age are shown in Figure 3.
As has been found in the past, older fish becone proportionately nore abundant
in the catch in the more northern areas. In 1989, the fishery operated
further south than it had in previous years, with nost of the catch coming
from the Eureka and south Columbia regions. Figure 3 also docunments the |ack
of strong recruitnent to the fishery since the 1984 year cl ass.

As foreign interest in the Pacific whiting resource has increased, the
joint venture fishery has undergone a rapid evolution. In 1990, the U S
fishery, which fornerly extended fromlate April to early Novenber, was over
by 23 June, lasting less than 3 nmonths. Participation in the fishery by
processing vessels of different nationalities has also changed. An increasing
percentage of Pacific whiting is being delivered to high capacity surim

processors from Japan instead of the traditional Soviet and Polish vessels
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(Fig 4). The Pacific whiting joint venture fishery is currently managed under
the "Aynpic system” which does not allocate between the various
nationalities of the processing vessels nor between the joint venture
conpani es. Under this system increasing interest in the Pacific whiting
resource will further conpress the fishery and will give the advantage to
processing vessels and catcher boats that can quickly process |arge vol unes of
fish.

The domestic fishery for Pacific whiting has been concentrated in the
Eureka INPFC region in northern California, where several processing plants
specialize in Pacific whiting. Although this fishery has increased steadily

since 1986, it remains small relative to the total catch (Fig. 4).
GROATH

Trends in Length at Age

Because changes in size have a direct effect on the available yield,
growth trends need to be exanined to adequately assess the productivity of the
resource. Lengt h-at-age estinmates for Pacific whiting in the U S joint
venture fishery in 1989 were conpiled using the procedure described in Dorn
and Methot (1990). Table 3 contains the 1989 length at age in the U S. joint
venture fishery (Jerald Berger, Pers. commn., My 1990) and Canadi an j oi nt
venture fishery (Mark Saunders, Pers. commn., Miy 1990). Also given in

Table 3 are the a and b coefficients of an exponential |ength-weight
relationship of the formw = a 1° (Ricker 1975), estimated with nonlinear

regressi on. Figure 5 shows nmean length at age in the U.S. fishery for the
months April-June for the years 1978-89. The nonths April-June were selected
so that length at age for earlier years could be conpared to 1989, when the
fishery ended earlier than in previous years. A decline in mean length for
most ages is clearly evident, with the nost substantial decline occurring from
1982 to 1988. Size at age for the younger fish has been stable in recent

years, A nore direct assessment of current growh trends is nmade possible by

conparing the growth trajectory of the strong 1980 and 1984 year cl asses,
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whi ch have donminated the catches in recent years (Fig. 6). The 1984 year
class was larger at age than the 1980 year class until 1989, when they were
approxi mately the sanme size

Two i ndependent papers on the growth trends of Pacific whiting have
recently been conpleted (Dorn 1990, Smith et al. 1990). These papers anal yze
the length at age in the U.S. and Canadian fisheries respectively. The
analysis of the U S. fishery data detected significant correlations between
annual growth and two environmental factors: sea surface tenperature and adult
bi omass. Reductions in annual growth were associated with both el evated
sumer sea surface tenperatures and increases in adult biomass. The analysis
of the Canadian fishery data found that the decline in the mean length at age
in the Canadian catch since 1976 was significantly correlated with an increase
in adult bionmass and an increase in exploitation due to the Canadian fishery.
Cceanographic factors (sea |level height, sea surface tenperature, and
salinity) also had significant effects on length at age. I nfluence of
oceanographic factors on. the nmigration of different sized individuals into the

Canadi an zone was proposed to account for this correlation

Ef fect of a Shortened Fishery on Sustainable Yield

Since spring and sunmmer are periods of rapid growh for Pacific whiting,
an early fishery, as occurred in 1989 and 1990, could affect sustainable yield
fromthe resource. To investigate this possibility we anal yzed seasona
changes in the Iength-weight relationship using the |ength-weight data from
1988, the last year that the fishery extended through the summer and into
fall. A factorial analysis of variance was used with the |ogarithm of weight
as a dependent variable and the logarithmof length as a covariate. The
factors were area, tinme period, age, and sex. See Reish et al. (1985) for an

equi val ent analysis of the Atlantic menhaden (Brevoortia tyrannus). The node

is logg(weight) =a + b logg(length) --the log transform of the usual |ength-

wei ght rel ationship. The scale paranmeter, a, is the sumof the terms that
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enter the nodel linearly, while the power paranmeter, b, is the sumof the

interaction terns between the factors and | og.(length).

Table 4 presents the analysis, and Table 5 gives the paraneter
estimat es. Al factors were highly significant (p < 0.01) except region
indicating that there is little geographic variability in the |ength-weight

relationship. The intercept coefficient and the coefficient for |og.length)

in Table 5 apply to the length-weight relationship of an age-1 male in the
Eureka and Monterey INPFC regions in the early tine period. The coefficients
for each linear factor level are the estimated difference in the scale
paraneter in the |ength-weight relationship between individuals in that factor
l evel and those individuals with the intercept characteristic. The
coefficients for each interaction factor level are the estimated difference in
the power paraneter in the length-weight relationship between individuals in
that factor level and those individuals with the intercept characteristic.
The parameter estinmates in Table 5 are difficult to interpret because the
scal e paranmeter and the power paraneter are highly correlated.. However, using
these coefficients to predict weight for a given length, the follow ng
conclusions can be drawn: 1) fermales are slightly heavier at length than the
mal es, 2) weight at |ength decreases with the age of the fish, and 3) weight
at length increases substantially during the fishing season.

Figure 7 shows the nmean weight at age of fish in the US. fishery for
the early, mddle, and late tine periods. These weights were cal cul ated by
obtaining nean length by time period and age for the years 1978-89. A
simplified ANOVA was used to estimate scale and power coefficients for tine
period and age alone. These coefficients were used to convert the lengths to

wei ghts. The estinated weights were nultiplied by the correction factor,
e’ to adjust for the bias that arises when regression coefficients

estimated using log-transformed data are used in predictive equations with the
untransformed data (Beauchanp and O son 1973). The LOAESS scatt erpl ot

snmoot her (Clevel and 1979) was used to snooth the weight-at-age data. \Weight
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at age increases an average of 15.1%fromthe early to the mddle time period,
and there is a further 8.3% increase in weight fromthe nmiddle to the late
time period. The percent increase in weight is largest for the younger fish
and is less for the older fish.

To examine the effect of the seasonal exploitation pattern on
sustainable yield, we configured a yield-per-recruit nodel to describe the
seasonal patternof the Pacific whiting fishery. The snpothed seasonal
wei ghts at age in Figure 7 were used in the nodel. Prior to 1989, 27.9% of
the catch in nunbers canme fromthe early period (April-June), 47.9% fromthe
mddl e period (July-August), and 24.7% from the late period (Sept.-Nov.).
This exploitation pattern was contrasted with the exploitation pattern that
occurred in 1989, when the fishery was over by the end of June. In the early
fishery alternative, sustainable yield for the U S. fishery declined by 6.0%
or approximately 9,300 t for a nean recruitnment of 1.23 billion fish (1960-89
average). If the U.S. fishery operated only during the nmonths of July and
August, the sustainable yield would increase by 7.4% or approximtely
12,000 t, over the current April-June fishery.

This anal ysis does not touch on the question of whether the |oss of
catch bi omass caused by taking fish early in the season represents a genui ne
loss of yield (i.e., usable product), or whether the |ost yield consists of
gonad or liver growh. This will be exanmined in-the future. However, yield
projections are based on a conversion of yield in nunbers to yield in biomass
usi ng weight-at-age vectors. If these weights at age are higher than those
actually occurring in the catch, a quota in biomass woul d i npose a higher

mortality rate on the stock than intended.

Estinmating Weight at Age for Stock Assessnment Model s
Estinates of weight at age are required both by the stock synthesis
nodel (Methot 1989) and by the popul ation sinulation nodel (Francis 1985) used
to determine the long-term productivity of the resource. The estimates of

wei ght at age in Dorn and Methot (1990) were updated with estimates of fishery

and popul ation weight at age for 1989. Mean length at age (Table 3) was
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converted into weight at age using an exponential |ength-weight relationship
(coefficients in Table 3; Ricker 1975). To reduce the effect of measurenent
error on the estimtes of weight at age, the LOAESS scatterplot smoother in
the S statistical package (C evel and 1979) was used to snooth the weight-at-
age data. Separate weight-at-age vectors were calculated for the US.

fishery, the Canadian fishery, and the entire west coast population

1989 ASSESSMENT SURVEYS OF PACI FI C WHI TI NG

Bottom Trawl Survey

Survey Design

The fifth triennial National Mrine Fisheries Service (NVWS) groundfish
survey of west coast continental shelf groundfish resources was conducted
between 7 July and 29 Septenber 1989, by the Resource Assessnent and
Conservation Engineering Division (RACE) of the Al aska Fisheries Science
Center (AFSQO). Previous surveys in this series occurred in 1977, 1980, 1983,
and 1986 (Dark et al. 1980, Winberg et al. 1984, Colenan 1986, Col eman 1988).
The primary objectives of the 1989 survey were to assess the abundance of

Pacific whiting and juvenile (age |+) sablefish (Anoplopoma finbria). The

survey focused on these two species while naintaining the broader

mul tispeci es assessment objectives of previous surveys. Accordingly, a

background sanmpling intensity conparable to the |ow density sanmpling in prior

surveys was used for the entire survey area, with heavier sanpling

concentrated in four areas identified as high density strata for juvenile

sabl efish: Juan de Fuca Canyon, Astoria Canyon, Half Mon Bay, and Morro Bay.
The survey was conducted aboard two chartered commercial traw ers and

extended northward from Point Conception, California, to central Vancouver

I sl and (Nootka Sound), British Colunbia, Canada (lat. 34°30'Nto |at.

49°35'N). Stations were-sanpled at predeterm ned |ocations between 55 and
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366 min depth (30 to 200 fathoms). Both vessels used standardized

Nor t heast ern hi gh-opening bottomtraw s equi pped with roller gear. The
fishing dimensions of the traw were neasured aboard each vessel using a
Scanmar net neasurement system  Preliminary inspection of the data reveal ed

that the net used on the Pat San Marie had a 13.4 mnmean path width, while

that used aboard the Col den Fl eece had a 12.4 mmean path width.

The typical reduction in whiting and juvenile sablefish catch rates at
depths from 165 to 183 mserved as the rationale for stratification at 183 m
Thus , the shallow stratum ranged from 55 to 183 m and the deep stratumfrom
184 to 366 m  Tracklines were drawn across both depth strata at 18.5 km
intervals. In the four high-density, juvenile sablefish strata, additional
tracklines were drawn mdway between the 18.5 kmtracklines, crossing only the
55 to 183 mdepth stratum  Stations were randomy |ocated along tracklines at
the rate of one station per 7.4 kmin the shallow stratum and one station per
9.3 kmin the deep stratum At least one traw station was assigned to each
depth stratum along each trackline. The two vessels fished alternate
tracklines (alternate pairs in the high-density areas to nmininmze and to
assess the effects of between-vessel differences in fishing power.

A total of 601 predeterm ned stations were established for this survey;
46 stations were abandoned where they were considered untraw abl e. Successf ul
trawm hauls were achieved at 540 of the 555 survey stations attenpted. Tows
were nade at a speed of 3 knots and were 30 minutes in duration, allowing 3 to
10 mi nutes between setting the winch brakes and beginning the tow to

allow the net to settle to the bottom Efforts were nade to nmaintain a

' Reference to trade nanes does not inply endorsement by the National Marine
Fisheries Service, NOAA
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constant tow ng depth. Catches were sorted, weighed, and counted by species,
and a variety of biological data (age, length, weight, and naturity of
i ndi vi dual specinens) were taken.
Results: Distribution and Abundance of Pacific Witing
Pacific whiting dom nated the catches in all |INPFC areas except
Conception and Vancouver. In the Conception area it was fourth in abundance

after bocaccio (Sebastes paucispinis), Pacific sanddab (Ctharichthys

sordidus), and w dow rockfish (S. entonelas). It was second in abundance to

spiny dogfish (Squalus acanthias) in the Vancouver area. The shall ow depth

stratumwas typically domnated by Pacific whiting, although shallow catches
in the Conception and Vancouver areas were doni nated by bocacci o and spiny
dogfish, respectively. Pacific whiting was al so the domi nant species in the
deep stratum everywhere except the Eureka I NPFC area, where it was second to
sablefish. The distribution of Pacific whiting catch per unit effort (CPUE)
observations is shown in Figure 8 by individual haul, grouped by three |levels
of magnitude. Age-structured estimtes of abundance and biomass by | NPFC
region for Pacific whiting are given in Tables 6 and 7. These estinmates were
produced using standard area-swept nethods (Weinberg 1984) to estimate total
bi onass by region. The biomass by region was further partitioned using the
data from the biological sanples (age, length, and weight) to produce the age-
structured estimates of abundance and biomass. Methods are described in

Wei nberg (1984).

Acoustic Survey
Survey Design
The triennial acoustic-mdwater traw survey of the coastal Pacific
whi ting popul ati on was conducted using the National Cceanic and Atnospheric

Admi ni stration (NOAA) research vessel MIler Freenman during the periods
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22 July-4 August and 7-25 August 1989. The survey was conparable in extent to
those conducted in 1977, 1980, 1983, and 1986. The mmj or objective of the
acoustic survey was to provide data for the estinmation of age- and size-
specific biomass and popul ati on abundance of Pacific whiting.

Survey data were collected along a series of parallel tracklines spaced
10 nautical miles (nm, 1 nm = 1.852 km apart and run east to west between
the 55 m (30 fathons) and 366 m (200 fathons) depth contours starting from
lat. 34°30'N and extending north to near lat. 50°00'N. (Point Conception to
northern Vancouver Island). A chart shoving the survey area and transect
| ocations is shown in Figure 9. Al mdwater trawing and acoustic surveys
were conducted during daylight hours to avoid interception of nontarget
speci es which ascend fromthe bottominto the water colum at night.
Transecting speed was usually 10-11 knots. Echo sign could consistently be
detected and echo integration data collected to within 3 mof the bottom

Acoustic data were collected with a 38 Khz. echo sounder and a digita
echo integrator. The echo sounder's transducer was housed in a dead-wei ght
vehicle that was towed behind the ship by an el ectro-nechanical cable at a
depth of about 20 m  The acoustic data collection systemwas housed in a
portable van nounted on the weat her deck of the ship. Calibration of the
system was acconplished in the following two ways: an indirect nmethod using an
acoustics neasurenent barge before and after the cruise and a direct (in situ)
met hod using a standard sphere suspended under the transducer. Acoustic barge
measurenents were used to, deternmine the directivity pattern of the transducer
while the in situ ball method supplied the remaining parameters necessary to
scal e echo integration values to fish density (kg/ni). The in situ

calibration was conducted during the first and last 2 days of the cruise.
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Bi ol ogi cal data and sanples were collected and echo sign was identified
t hroughout the cruise using a Northern Gold rope trawl equipped with 5 nf
doors and 455 kg (1,000 Ib.) tom weights. The codend was equi pped with a
3.2 cm (1.25 inch) liner. An acoustic-linked headrope sounder was used to
monitor the mouth opening (usually 15-18 m), and the position of the traw in
the water colum (8-10 fathons). Trawl hauls were nade on selected echo sign
to provide information on the biological conposition of Pacific whiting and
other species. Standard on-deck catch sorting and enumeration procedures were
used. Catches were sorted conpletely, except when they exceeded about 1,000
kg: in such cases the catch was split and then sorted. Species conpositions
were determined in ternms of weight and nunbers. A subsanple of nanageabl e
size (300-400 fish) fromthe sorted catch was then randomy selected for
detail ed exam nation and biol ogi cal sanple collection (size nmeasurenents, age
structures, sexual nmaturity, sex ratio, individual weights, etc.). Traw
catch data were used only to identify and categorize the species and size
conpositions of fish represented by the various |ayers and groups of echo sign
encountered during the survey. Estimates of age- and size-specific bionass
and abundance of Pacific whiting were-produced using standard nethods for
anal yzi ng acoustic surveys of fish populations as described by Dark et al
1980.
Survey Results

A total of approximately 2,500 nm of transect lines were run during
whi ch hydroacoustic data were continuously collected and 25 m dwater traw
haul s were conducted. Mst of the trawl catches consisted mainly of Pacific
whiting. The percentage by weight represented by all species other than
Pacific whiting in all trawl hauls conbined ambunted to only 2.2%  This snal

anount of contamination of the hydroacoustic data by nontarget species was
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assuned to be insignificant, and no correction of the total estimated bionmass
of whiting was nade.

Significant whiting aggregations were found from about lat. 37°30'N to
lat. 50°00'N. The bulk of the whiting stock occurred in the Eureka, south
Col unbia, and Monterey |INPFC areas. A chart showi ng the locations of the
aggregations is given in Figure 10. Figure 10 is provided only as a reference
to indicate the presence or absence of whiting occurrence; it does not inply
how dense or abundant the fish were within any area or aggregation.
Signi ficant nunbers of young-of-the-year whiting were found in the Conception
| NPFC area where they were in small, isolated aggregations (Fig. 10) that were
associated with large quantities of nonfish echo sign. The abundance
estimates given in this report for age-0 whiting (<20 cm) should be used only
as indicators, since the degree of contamination of their echo sign by other
species could not be determned with confidence. Fish snmaller than 39 cm were
found in the Monterey and Eureka areas and a trace of small fish continued
into the south Colunbia area. Mst of the whiting popul ation found throughout
the survey area consisted of fish greater than 39 cmin length (Fig. 11). A
consi stent trend of increasing mean length with increasing latitude fromthe
Eureka to Vancouver |INPFC areas is noticeable. The effect is somewhat masked
by the occurrence of some large fish in the southern and northern parts and
very few large fish in the internediate part of the survey area. The only
age-0 fish encountered during the survey were in the Conception | NPFC area.
Si gni ficant nunmbers of whiting aged 2-4 years occurred only in the Mnterey
and Eureka I NPFC areas and were not in exceptional abundance. Two cohorts,
the 1984 and 1980 year class (age 5 and 9, respectively), were of greatest
abundance in all areas except Conception. They contribute about 43%in

numbers and 82% by weight, to the total pelagic portion of the whiting
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popul ation (Tables 8 and 9). These data do not indicate nore than noderate

recruitnment by any of the year classes younger than 1984.

Conparison of Combined Survey Results with Previous Surveys

Al though we follow the usual practice of assuming that the two surveys
can be added to estimate the total abundance, it needs to be stressed that
this assunption has not been critically assessed. Recent investigations of an
i nshore popul ation of Pacific whiting have denponstrated that the fish dive
towards the bottomwith the passage of trawl gear so that sone of the fish
captured by traw gear may actually be quite high in the water colum
(Nunnal l ee 1991). However, the distinctly different age conposition for the
acoustic and bottomtrawl surveys in the sane geographic area (See for exanple
the age conposition in the Canadian zone in 1989, Tables 6 and 8) suggests
that at least some of the fish captured by the bottomtraw survey are not
vul nerabl e to acoustic sanpling nethods. Biomass by region (wWth 95%
confidence intervals) for the 1989 bottomtraw and acoustic surveys is given
in Table 10. A conparison of the 1989 estimates with earlier quantitative
surveys of Pacific whiting is given in Table 11 and Figure 12 (Dark et al.
1980, Weinberg et al. 1984, Nelson and Dark 1985, Col eman 1986, Col eman 1988,
Neal W/ Iliamson, Alaska Fisheries Science Center, National Marine, Fisheries
Service, NOAA, BIN C15700, 7600 Sand Point Way NE., Seattle, WA 98115.  Pers.
commun., My 1989). The fraction of the total biomass estimate contributed by
the bottom trawl survey was 6% in 1977; it remained relatively constant at |0-
12% for the surveys in 1980, 1983, and 1986. In 1989, however, the bottom
trawl contributed 23% of the total survey bionass.

Nunerical estimates of abundance for the Canadian portion of the
Vancouver | NPFC area for 1977 and 1986 (Table I1), when the NVFS traw surveys

ended at the international boundary, were obtained by the follow ng procedure.
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The sum of the traw biomasses estimated for the Canadian portion of the
Vancouver | NPFC area by the surveys in 1980, 1983, and 1989 was divided by the
sum of the acoustic biomasses for the sane years to obtain a ratio. This
ratio was nmultiplied by the acoustic biomass in 1977 and 1989 to estimate the
trawl biomass for those years. Next it was assumed that the trawl age
conposition in 1977 and 1986 in the U 'S. portion of the Vancouver area was
representative of the age conposition of the trawl biomass in the Canadi an
Vancouver area. Thus the ratio of the estimated traw biomass in the Canadi an
Vancouver area to the trawm bionmass in the U S portion of the Vancouver area
was multiplied by nunbersat age in the U S portion of the Vancouver area to

estimate nunbers at age in Canadian Vancouver area
NATURAL MORTALI TY ESTI MATI ON

New estimates of the natural norality rate were obtained by exam ning
the decline in abundance of a year class fromone triennial survey to the
next. To reduce the possibility of misageing and sanpling variability causing
i npl ausi bl e estimates of the natural nortality rate, only the dom nant year
cl asses (1967, 1970, 1973, 1977, 1980, and 1984) were used in the
calculations. A previous effort to estimate the natural nortality rate of
Pacific whiting using the decline of groups of year classes between surveys
(Hol owed et al. 1988) used the Baranov catch equations to estinmate the
natural nortality rate of Pacific whiting. Therefore, they make the
assunption that the catch occurs continuously fromone survey to the next.
This assunption is reasonable if there are no trends in the exploitation rate
from one survey to the next. However, since the fishery for Pacific whiting
has increased substantially since 1986, we considered it inmportant to devel op

a nodel that removes the catch fromthe popul ati on when it occurs. To do
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this, a generalization of the catch equation used in cohort analysis (Pope
1972) was devel oped. If Nis the estinated popul ati on abundance at the start
of the 3-year time period, and N' is the number at the end of the tine period,

t hen

N' = Ne™M-X¢g, e 09,
1

where d, is the length of tine fromthe start of the tine period to when
catch c; was renoved fromthe population. This equation can be solved for M
the natural nortality rate, using the Newton-Raphson algorithm

Table 12 contains the natural nortality estimates for the domnant year
cl asses using the triennial stock assessment surveys in 1977, 1980, 1983,
1986, and 1989. Estinates in Table 12 for the natural nortality rate were
slightly smaller than those calculated for the same year classes using the
method in Hollowed et al. (1988) (nean difference 0.005, naxinum difference
0.025). This indicates that the errors caused by trends in the harvest rate
in the nodel used by Hollowed et al. (1988) are relatively mnor. The
estimates of natural nortality before 1983 tended to be higher for all ages
than the estimates since 1983. It is possible to interpret these results as a
shift in the natural nortality rate. However, we are reluctant to put this
forward as a hypothesis because a single aberrant survey estinmate of overal
abundance woul d perturb in opposite directions the natural nortality estimates
that use the abundance estimate as a starting value and those that use it as

an ending val ue
POPULATI ON  ASSESSMENT

The abundance and nortality of Pacific whiting was assessed with the

stock. synthesis nodel (Methot 1986, 1989, Dorn and Methot 1990). The
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synthesis nodel is a separable catch-age anal ysis which uses survey estimates
of biomass and age conposition as auxiliary information. The synthesis nodel
operates by sinulating the dynami cs of the population. Conparisons are nade
bet ween the expected value of the observable characteristics of the popul ation
and the actual observations of the population from surveys and fishery
sampling progranms. The goodness of fit to these observations is evaluated in
terns of log(likelihood). The total |og(likelihood) is a weighted sum of the
likelihood components for each type of data

The nodel assunmes that fishing nortality can be separated into an age-
specific conmponent and a year-specific conponent. A double logistic
selectivity curve was used to nodel the age-specific survey and fishery
selectivity (Dorn and Methot 1990). The year-specific fishing nortality rates
are not estimated as paraneters. Instead, they are tuned to the levels
necessary to match the observed catch bionmass. The nodel paraneters are
estimated by an iterative process which involves nunerical estimation of the
first derivatives of total log(likelihood) with respect to each parameter, and
the Hessian matrix of mxed partial derivatives. The inverse of the Hessian
matrix postnultiplied by the vector of first derivatives indicates how the
paraneters should be changed

The observations for Pacific whiting are catch biomass and age
composition for the U S and Canadian fisheries, and estimtes of population
bi omass and age composition in the U'S. and Canadian zones from NVFS triennia
groundfish assessment surveys. In last year's stock assessment (Dorn and
Met hot 1990), the catch at age for the two fisheries was conbi ned and nodel ed
as a single fishery. Last year's stock assessnent also explored other ways of
model ing the population, including a prelimnary version of a nodel that

separated the stock between the U.S. and Canadian zones. This year our
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approach was to keep separate the catch statistics and survey estinates of
abundance in the U S. and Canadian zones. In the discussion and in the
following tables we have used the terms "U S. survey" and "Canadi an survey" to
identify the data fromthe NWFS triennial groundfish assessnent surveys in
U S. and Canadian waters. The selectivity for each fishery and survey was
nmodel ed relative to the portion of the stock inits zone. In addition to the
parameters normal |y estimated by catch-age analyses (initial age conposition
recruitment in each subsequent year, and age-specific selectivity curves), we
al so estimate the parameters of a function that governs the annual migration
of fish fromthe U S to Canadian waters.

The nodel ed popul ation includes ages 2-15; age 15 is treated as an
accunul ator age. Mst nodel runs covered the years 1977-89 --the tine period
for which there was age conposition data for the U S. and Canadian fisheries,
and estimates of the total abundance of Pacific whiting fromthe triennia
surveys. In last year's assessnent, age conposition data for 1973-76 from
Pol i sh researchers were included in the baseline estimation runs. These runs
were used to estinmate survey and fishery selectivity curves, annual migration
curves, age conposition at the beginning of 1977, and year-class strength for
the 1975-87 year classes. Selectivity patterns and migration curves were
fixed at the values estimated in these runs, and the tine series was extended
back to 1958 so that historical recruitnents could be estinmated. Body weights
at age were set at year- and fishery-specific values for the years 1978-89.
Fish fromearlier years were assumed to have the same weight at age as those

from 1978.

CGeogr aphi ¢ Catch- Age Analysis and Mgration Curves
The U. S. and Canadian fisheries for Pacific whiting are confined to

smal | regions--of the total geographic range occupied by the Pacific whiting
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popul ation.  Each fishery, obviously, is restricted to its respective nationa
zone. A ban on all foreign processing south of lat. 39°00'N, and a ban on
processing by Soviet, Polish, and mainland Chi nese vessels north of |at.
48°00' N further limts the U'S. joint venture fishery. These fisheries
harvest a popul ation that changes in conposition fromsouth to north along the
coast. Immature age groups are nost abundant off the California coast. As a
year class beconmes older, its summer feeding migrations extend further north
and by age 5 the fish begin appearing in the Canadian zone in significant
nunmbers (Bailey 1981). Using an assessnent nodel with geographic structure
allows us to nore accurately nodel U.S. and Canadian fisheries. This
capability has become essential in recent years as exploitation rates have
increased at a different pace on either side of the border.

Ceographic structure is included in the nodel by dividing the popul ation
into U.S. and Canadian conponents at the start of the year. The usua
equations governing the popul ati on dynam cs (exponential nortality and Baranov
catch equations) are assumed to apply in each zone. At the end of the year,
all the fish fromboth zones are assumed to mix on the spawning grounds off
California. The population is split between the U S. and Canadian zones using
a mgration curve, defined as the age-specific fraction (in nunbers) of the
popul ation migrating into the Canadian zone. Based on an anal ysis of survey
data (Dorn and Methot 1990), we nodeled this migration curve using a nodified

logistic function

m(t) = fh ( ,
1 +e -py(t-py)]

where t is age in years, p; is the inflection age, p, is the slope, and p; is
the fraction of the ol dest age group migrating into the Canadian zone. This

curve describes the nean migratory behavior of the population for all years.
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However, since year-to-year variability in the fraction migrating into
Canadian waters has been observed, an annual mgration coefficient, p, is
also estimated. This annual migration coefficient nodifies the paraneters of

the nmean nigration curve as follows:

pi(¥) =p, + P, B, .

Py (¥) =Py + P,

where p, is an additional parameter that makes the change in p, for a year
proportional to the change in p;, Coupling the change in the inflection age
for a given year with the fraction of the older fish mgrating into Canada is
a way of nodeling the observation that years when a higher than usual fraction
of the older fish migrate into the Canadian zone are al so years when nore of
the younger fish are found in the Canadian zone

Model i ng the annual variability in migration increases the tota
|l og(likelihood) from -821.98 to -631.22, a sizable inprovement in fit
(Table 13). Changing froma nodel with a single year-invariant mgration
curve to a nodel where annual migration coefficients are estimted only for
the survey years produces nost of the inprovenent in fit. The fit to the
Canadi an fishery age conposition data inproves the nost, although the fit to
all the data conponents inproves. Changing to a nodel with annual migration
coefficients for all years further increases the total |og(likelihood). Al
the increase is due to an inproved fit to the Canadian fishery age conposition
data (Table 13). Estimated mgration curves for 1982-89 are shown in Figure
13.  I'n 1983, a nuch higher than usual fraction of the ol der age groups
mgrated into the Canadian zone. In 1985 and 1989, a snaller than usua

fraction of the ol der age groups migrated into the Canadi an zone. Table 14
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contains the popul ati on nunbers at age in each geographic zone for the years

1977-89 as estimated by the stock synthesis nodel

Model i ng Survey Abundance and Sel ectivity

The zone-specific biomass estinmates fromthe triennial surveys were
adj usted because of inconplete coverage of potential Pacific whiting habitat
in sone years. The first of these adjustnents involved the surveys in 1977
and 1986, when the trawl survey ended at the international boundary. Details
of this adjustnent are described above. A second adjustnent involved all the
surveys. W accept the conclusions of qualitative Canadi an acoustic surveys
along the west coast of Vancouver Island and into Queen Charlotte Sound (Mark
Saunders, Pers. commun., June 1990) that the triennial NWFS surveys have not
extended to the northern linit of the sumer distribution of the Pacific
whiting. Northern expansion factors were calculated for the survey bionmass in
t he Canadi an zone pending inproved surveys of Pacific whiting biomass from
these northern regions. The expansion factors, calculated for each survey
year, were based on the ratio of whiting habitat in the surveyed area to the
potential whiting habitat along the 100 fathomisobath north of the survey
limt. The estimted biomass north of the survey was 14% of the surveyed
bi onass in Canada in 1977, 1980, and 1989; 20%in 1983; and 23%in 1986 (Mrk
Saunders, Pers. commun., June 1990). The expansion factor was different for
different survey years because the northern linmt of the NVMFS surveys varied
fromyear to year. Al of the stock synthesis nodels described in this report
used the expanded survey bionass estinmates for the Canadi an zone.

Separate selectivity curves were used for the triennial surveys in the
U.S. and Canadian zones. For the US. survey, separate selectivity
coefficients were estimated for the youngest age groups; otherw se, the

selectivity was assuned to be 1.0. For the Canadian survey, the youngest age
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groups were assunmed to have a selectivity of 1.0, but a descending logistic
curve was used to describe the declining selectivity of the ol der ages.

Tabl e 15 contains a range of different hypotheses concerning the
selectivity of the younger age groups by the U S. surveys. The options
presented are 1) all age groups are fully selected; 2) only the selectivity
coefficient at age 2 is estimated; 3) selectivity coefficients are estinated
at both ages 2 and 3; and 4) selectivity coefficients are estinmated at
ages 2-4, and all other ages are fully selected. Wen the assunption that the
younger ages are fully selected is relaxed, the fit of the nodel inproves.

Most of the inprovenent, as measured by the change in the overal

| og(likelihood), occurs when the nodel is allowed to estinate the selectivity
of the age-2 fish. Estimated biomass for the start of 1990 al so increases as
the selectivity of the younger fish is allowed to be less than 1.0. This
increase is due to upward revisions in the size of the 1984 year class,
surveyed at age 2 in 1986, and the 1987 year class, surveyed at age 2 in 1989.
Qur subsequent anal yses are based on the third option, where selectivity
coefficients were estimated for the age-2 and age-3 fish. W nade this choice
because the triennial surveys have not covered the range of immature Pacific
whiting, which extends well south of Point Conception (Bailey and Francis
1985). The selectivity coefficients should be well estimated at ages 2 and 3
because | arge year classes have been surveyed at those ages: the 1984 year
class at age 2 in 1986, the 1977 year class at age 3 in 1980, and the 1980
year class at age 3 in 1983. W recogni ze, however, that the question of the
availability of the young fish to the surveys will need to be revisited in the

future as the 1984 and 1987 year cl asses nove through the popul ation
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Fishery Selectivity

Selectivity patterns for the US. and Canadian fisheries were nodel ed
using double logistic selectivity curves. These selectivity curves apply to
the fraction of the population found in each nation's zone. Figure 14 shows
the estimated selectivity curves for the U . S. and Canadian fisheries. Bot h
fishery selectivity curves are donme-shaped, with the U S. fishery curve
reaching a maximum at age 8, and the Canadian fishery curve reaching a maxi mum
at age 11. The ascending |linb of the Canadian selectivity curve is poorly
determ ned because few of the younger fish are found in the Canadi an zone.
Since we have renoved the effect of different mean age structure in each zone
on fishery selectivity by using a geographic nodel, one would expect that the
selectivity curves for the two fisheries would be approxinately the sane.
Sel ectivity should be based exclusively on the physical characteristics of the
gear (i.e., mesh size) and the age-specific behavioral characteristics of the
popul ation. W suspect that the U S. fishery selectivity curve focuses the
activity of the fishery on younger fish nore than the Canadi an fishery because
the U S. fishery can target on strong year classes at a young age by shifting
south in the US. fishing zone. This opportunity is not available to the

Canadi an fishery.

Enphasi s on Survey Bionass Likelihood
The enphasis placed on each conponent of the total |og(likelihood)
function determ nes how closely the nodel's estimates will approach the
observations of that type. By varying the enphasis factors one is able to
detect inconsistencies anong the types of data. W investigated the
sensitivity of the results to the enphasis on the likelihood conmponent for
surrey biomass (Table 16). Equal weights were given to the survey biomass

estimates in the US. and Canadian zones. Survey bionmass is an extrenely
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important element in the estimation procedure because it links the information
in catch-age data on relative year-class strength with an absol ute measure of
abundance. The nodel tends to match the 1980 and 1989 survey bi omass val ues
very closely (Fig. 15). In 1977 and 1983, the nodel's expected survey
bi onass was greater than that actually observed. In 1986, the expected survey
bi omass was | ess than that observed by the surveys. As shown in Table 16, an
increase in the enphasis on the |ikelihood conponent for survey biomass causes
changes in the estinmated strengths of the large year classes. These changes
inprove the fit to survey bionmass, but degrade the fit to the U S. fishery age
conposi tion, the Canadian fishery age conposition, and to the survey age
conposition in each zone (Fig. 16). W selected an enphasis level of 5.0 to
provi de a reasonabl e conpronise between the fits of the various types of data.

We also investigated the influence of the 1989 survey bionass
observation on our current assessment of the stock. An ideal situation would
be one in which the predicted survey biomass in 1989 matches the observed
bi omass even when no weight is placed on it in the estimation procedure.

Figure 17 contrasts the estimates of recruitment and popul ati on bi omass for

two estimation runs of the nodel. In the first run the 1989 survey bionass is
given the sanme weight as the other survey bionmass observations. [|n the second
run the 1989 survey biomass is given no weight in fitting the nodel. The

predicted survey bionmass in 1989 is 95% of the observed survey bionmass in the
first run, but only 79% of the observed survey bionmass in the second run. The
model fits the 1989 survey bionmass observation by increasing the abundance of
the 1980 and 1984 year classes. An anonal ous bi omass observation at the end
of the time series is probably easier to fit than an anomal ous observation in
the mddle of the time series because the nodel has to balance the fit between

t hat observation and the-observations occurring earlier and |ater
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Consequently, the success the nodel has in fitting the 1989 survey bionass
when it is given normal enphasis should not lead us to conclude that it is a
reliable estimate. Although we do not de-enphasize the 1989 survey biomass in
our final nodel, we recognize its critical influence on our assessnent of the
current abundance -of the resource, and ultimately on our short-term

projections of yield

Natural Mrtality Sensitivity Analysis

Natural nortality rates are not well known for nost exploited narine
fish populations, and the coastal Pacific whiting population is no exception.
When there is a lack of sufficiently conpelling evidence to the contrary, a
constant nortality rate, irrespective of age, is generally adopted as a nul
model . Last year's Pacific whiting assessment (Dorn and Methot 1990)
denonstrated that the observed rapid decline in abundance of the ol dest age
groups in the survey data was equally consistent with the assunption that
these ol der fish are not sanpled by present survey designs, or with the
assunption that natural nortality increases with age. At noderate
exploitation rates, these older fish would not be caught by either the U S or
Canadi an fishery, and thus the consequences of either assunption is nost
i nportant when assessing the reproductive potential of the stock, as when
cal cul ati ng spawni ng bi onass.

To assess the sensitivity of the nodel fit to the choice of a constant
natural nortality rate, the natural nortality was varied between 0.16 and
0.36. The log(likelihood) was maxi mum between 0.24 and 0.26 (Fig. 18),
indicating that the value of M- 0.237 estinated by the cohort decay nethod is
a reasonable choice. This value was used in all other nmobdel runs. The node
estimates a constant natural mortality rate of 0.252 when given an initia

value of 0.237 and is allowed to produce its own estinate. However, since the
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improvenent in the fit is small--an increase of 4.0 units in the
log(likelihood)) --we do not advocate using the natural nortality rate
estimated by the nodel. This anal ysis does suggest that a natural nortality
rate of 0.2, used in previous assessments, may have been slightly too |ow
The estimated biomass for the start of 1990 was sensitive to the choice of a
natural nortality rate (Fig. 18). The estinmated 1990 bi omass was | argest when
a low natural nortality rate was used, and declined as the natural nortality
rate was increased. From M= 0.18 to M= 0.28 there was little change in the

esti mated biomass for 1990

Ageing Error

The probl em of how to handle outliers in catch-age nodel s has received
little attention in the literature. In sone cases it is fairly obvious that
ageing error is the culprit, such as when the diagonal path of a strong year
class through the catch-at-age matrix junps a line. Since this usually occurs
towards the margins of the catch-at-age matrix (the youngest and ol dest age
groups), the strategy we adopt is to accunulate the questionable age groups
out towards the margins of the catch-at-age matrix. The expected catch of the
accurmul ated age groups can then be conpared with the observed catch of those
age groups. We were able to use this technique in three instances. First,
the strong 1970 year class began to blur into the 1971 year class in 1978.
Thi s apparent error was accommodated by accunulating at age 7 in 1978, 8 in
1979, 9 in 1980, etc. Second, previous anal yses have noted that the strong
1977 year class appeared as 3-year-old fish in 1979 because of a small sanple
size in the age-length key for that year. This problem was accommodated by
accurmul ating the age-2 and age-3 fish in both the data and the nodel's
estimate for the year 1979. Finally, the strong 1961 year class was prom nent

in the 1965-68 sanples (Dark 1975); in 1969, the age conposition was doni nated
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by 7-year-old fish. W suspect that this age node was actually the 1961 year
class, msaged by one year. Therefore, we accunulated at age 7 in the 1969
age conposition sanple.

Systematic ageing error was incorporated into the nodel by assuming that
the standard deviation of observed age increases linearly with true age. The
paranmeters which define this linear trend are the fraction msaged at age 2
and the fraction msaged at age 15. Allowing the nodel to estimte these
parameters can shrink the recruit estimtes of the weak year classes to zero.
If aging error is too |arge the abundance of the weak year classes can be
accounted for entirely by spillover fromthe adjacent strong year classes.
Because the otoliths of Pacific whiting are relatively easy to age, they are
used by the AFSC Age and Growth Task to train new ageing technicians.
Accordingly, we used percent agreenent from reader-tester validations fromthe
1989 fishery age sanple to provide a reasonable estinmate of systenatic ageing
error (Mark Bl aisdell, Al aska Fisheries Science Center, National Mrine
Fi sheries Service, NOAA, 7600 Sand Point Way NE, BIN Cl5700, Seattle, WA
98115. Pers. comun., July 1990). A regression line constrained to pass
through zero at age 2 was fit to the percent agreement for the nost abundant
age groups in the 1989 age sanple (ages 2, 5 9, 12). The fraction m saged

was estimated to increase from0%at age 2 to 25% at age 15.

Reconstruction of Hi storical Abundance and Recruitnent
Prior to 1977, our sources of information on the coastal popul ati on of
Pacific whiting begin to thin out. US. fishery age conposition for the years
1973-76 is available from sanpling conducted by Polish researchers (Morski
Instytut Rybacki 1977). Dark (1975) provides estimtes of age conposition for
the years 1965-69 obtained primarily fromresearch cruises off the southern

coast of Washington. Finally, a time series of yield in bionmass for U S. and
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Canadi an waters extends back to the inception of the large-scale fishery in
1966 (Bailey et al. 1982). These yields were reported by the foreign
nationals conducting the fishery and were not subject to independent
verification.

To nmodel these data we begin by assum ng that the population had an
equilibrium age composition in 1957. Equilibrium age-2 recruitment was set at
1.2 billion fish--approximtely the mean recruitnment for the years 1958-89 as
determined by prelimnary runs. The abundance of this assumed equilibrium
population will affect the estimated magnitude of the recruitment in the early
years. However, as reported previously, this effect degrades rapidly (Dorn
and Methot 1990). The age conposition data from Dark (1975) cane primarily
from the southern coast of Washington, and so we expect themto represent a
selectivity pattern different fromthat of the current coastw de U S. surveys.
We nodel ed these data as a nonquantitative survey, since no biomass estimtes
are available, and we used a separate double |ogistic function to nodel the
selectivity pattern. To prevent the assumed equilibrium age composition from
influencing the fit to the 1965-69 data, we truncated the 1965 sanples at age
9, the 1966 sanples at age 10, and so on. The 1969 age conposition was
accunul ated at age 7, as noted above, because of an apparent bias in the
ageing of the 8-year-old 1961 year class.

Popul ati on abundance and recruitment prior to 1977 were estimted by
fixing nmost of the parameters of the nodel at values estimated using only the
data for 1977 and later. Fishery and survey selectivity curves were fixed, as
were estimtes of recruitnment abundance for 1977 and later. A single fixed
mean mgration curve was used rather than to attenpt to nodel the interannua
variability in mgration for the earlier years. Al though we estinated

recruitnent beginning with the 1956 year class, we do not support the
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estimates for the 1956 and 1957 year classes because of their dependence on
the assumed initial population level and the short duration they were observed
as age 8-9 fish in 1965-66

Prelimnary runs of the nodel reveal ed that the Polish age conposition
data in 1975 was not consistent with the fishery selectivity pattern of other
years. Mst of the lack of fit was due to a nuch higher catch of age-2 fish
than expected. In 1975, the fishery operated south of its normal range, with
approximately 70% of the U S. catch conming fromthe Mnterey INPFC area. In
our final nodel, we estimated a separate double logistic selectivity curve for
the U S fishery in 1975. The selectivity of the age-2 fish was estimated as
0.19, as conpared to a selectivity of 0.04 for the other years. The
selectivity at age for this curve is given in Table 17. Oher selectivity
curves used in the nodel to reconstruct the historical tine series of
recruitnent are also given in Table 17

The reconstructed tine series of recruitnent (Table 18) is simlar to
that estimated in last year's stock assessnment using the stock synthesis nobde
(Dorn and Methot 1990). The 1961, 1970, 1973, 1977, 1980, and 1984 year
cl asses again stand out as exceptionally strong year classes. Year classes
fromthe |ate 1960s appear to have been | ess variable than those of the late
1970s and 1980s. Another possible explanation is that |ess precise ageing
during the early 1970s caused the early year classes to appear nore simlar in
size. Because we nodel the age conposition data and the catch statistics from
the 1960s differently, we now estimate the abundance of the 1961 year class at
3.502 billion fish at age 2 rather than 5.160 billion fish as was estimated in
| ast year's assessment (Dorn and Methot 1990). Recruitment estimates for the
1980 and 1984 year classes are larger than last year's estimates. This change

is due to the unexpectedly large 1989 survey biomass estinmate and to the
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di fferent assunptions we nake concerning the survey selectivity of the younger
fish.

The estimates of popul ation biomass are | ess variable than |ast year's
estimates. Qur revised recruitment estimate for the 1961 year class no | onger
produces a sizable increase in population biomass in the late 1960s. The
larger estimates of recruitment for the 1980 and 1984 year classes prevent the
large fishery renmpvals of recent years fromsignificantly reducing the
popul ati on bi omass.

The annual full recruitment fishing nortality rates in the U S. and
Canadi an zones are shown in Figure 19. The Canadian fishing nortality rate
was high in the late 1960s and early 1970s, dropped to very low levels in the
md- to late 1970s, then increased rapidly in the 1980s. The U S. fishing
mortality rate varied between 0.10 and 0.20 for npst years. Recently, the

U S fishing nortality rate has al so increased

Pacific Wiiting Discard: Does it Matter?

Any analysis of discard in the Pacific whiting fishery nust first
acknow edge the conplete lack of quantitative data on the nagnitude of
di scard. Cbserver reports of floating rafts of dead whiting on the fishing
grounds are nost likely the result of catcher boats spilling codends that
exceed delivery requests. The frequency of these events is unknown. Another
situation where there may be significant discard of Pacific whiting is in
donestic fisheries that target on other species. The triennial trawl surveys
have consistently found that Pacific whiting dom nates the biomass at al
depth strata (Weinberg et-al. 1984; Nelson and Dark 1985; Col enan 1986
Col eman 1988). Since the domestic market opportunities for the sale of
Pacific whiting are extrenely limted, virtually all of the whiting bycatch in

fisheries targeting on other species, especially rockfish, would be discarded
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at sea. It is reasonable to assune that these fisheries have the ability and
sone notivation to avoid areas with the highest Pacific whiting catch rates.
Qur approach to this issue was to investigate a range of plausible discard
level s from the directed fishery for Pacific whiting. The results are
presented in Table 19. As the level of discard was increased, the fit of the
nmodel degraded slightly. Estimated age 2+ biomass at the start of 1990
remai ned nearly identical regardless of the level of discard. Apparently the
nodel responds to increasing discard rates by increasing the recruitnent unti
it can match the survey estimates of population biomass. This analysis
suggests that if the discard rate remains constant fromyear to year, the

presence of noderate |evels of discard does not seriously affect our ability

to assess the popul ation.

ESTI MATI ON OF SUSTAI NABLE YI ELD

Popul ati on Dynami cs

The age-structured sinulation mdel of Francis (1985), used in previous
stock assessnments to estimate sustainable yield, was revised to correspond to
t he geographi c catch-age nodel used in popul ati on assessment.  Geographic
structure was included in the nodel by using a single nean migration curve to
split the stock between the U S. and Canadi an zones at the start of the year
For the U S. and Canadi an conponents of the popul ation, the equations for the
dynanmics of the population are identical to that of earlier versions of the
model . Based on an anal ysis of survey and catch data described earlier, the
natural nortality rate was assuned to be constant with respect to age at
0.237. Separate weight-at-age vectors for the U S. fishery, the Canadian
fishery, and for the population were used. These were estimted by averaging

wei ght at age for the years 1978-89 separately for each source. Since there
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has been a substantial decline in weight at age for the past decade, this gave
conpronmi se estimates of weight at age that are larger than currently observed
in the fishery, but smaller than 10 years ago. Calculating the total yield in
bi onass was considerably nore straightforward than in previous nodels. The
estimated catch at age in each zone was nmultiplied by the fishery-specific
wei ght at age and summed over age to give the total yield.

Age-specific fishing nortality rates were nodel ed as the product of an
annual fishing nortality rate and an age-specific selectivity coefficient.
Separate vectors of selectivity coefficients, estimated by the stock synthesis
model, were used for the U S. and Canadian fisheries (Table 20). The annua
control variable in this paraneterization is the full recruitnent fishing
nortality in the U S zone, F,(y). Obtaining a fishing nortality rate for
t he Canadi an zone requires a decision on how to allocate the resource between
the U S. and Canadian fisheries. W set the fishing nortality rate in the
Canadi an zone so that the percentage of the total yield harvested by the
Canadi an fishery would be equal to the percentage of the nature bionass
expected to nmigrate into Canadian waters. This was calculated using the nean
fraction of nature fish at age in each zone as estimated by the stock
synthesis nodel. To estinmate the split in nature bionmass for a particul ar
year, the projected nunbers of mature fish at age for that year were split
between the two regions using the mean migration curve, converted to bionass
using zone-specific body weights at age, then sumed over all ages to get the
estimated total mature bionass in each zone. It should be enphasized that we
are not recomrending this procedure as an allocation plan. Qur purpose is

only to specify a reasonable allocation algorithmfor the sinmulation runs.
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Recr ui t ment

Al though establishing a stock-recruit relationship is an inportant
el enent of assessing the productivity of the resource, a careful exam nation
of the observed rel ationship between the fenal e spawni ng bi omass and
recruitnment (Fig. 20) does not disclose any obvious relationship over the
range observed. In particular, the data shown in Figure 20 do not |end
t hemsel ves to description by a paranetric curve with a | og-nornal error
assunption. Hollowed and Bailey (1989) use the time series methods of Welch
(1987) to filter density independent variability fromthe recruitment tine
series of Pacific whiting. The resulting scatterplot of filtered recruitment
versus egg production (proportional to femal e spawni ng bi onass) shows a flat
rel ati onship over the range of historical |evels of egg production. From this
analysis they conclude that, at the observed |evels of stock abundance, the
occurrence of strong year classes cannot be directly attributed to stock
abundance and may be linked to factors independent of population density such
as environnental conditions.

The nost durabl e hypothesis concerning environnentally controlled
recruitnent is a mainly enpirical |ink between tenperature and recruitnent,
The relationship is still significant (rank order correlation two-tailed
P-val ue < 0.05) when using the recruitnents fromthe stock synthesis nodel for
the year classes 1959-86. Years with cold water tenperatures (average
January-March tenperature in the second quadrant of Mrsden square 120 <
15.0°C) have low nean recruitment, while years with warm water tenperature
(>15.0°C) have higher though nore variable recruitnent.

To sinulate a recruitnment tine series we again used the bootstrap mnethod
adopted last year (Dorn and Methot 1990). The recruitment estimates for the

year classes 1958-87 (30 years) from stock synthesis mdel form our sanple
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space. By sampling with replacenent fromthe observed recruitnent time
series, our sinulated recruitnment process has the followi ng properties:
1) simulated recruitnent is independent of female spawning bionass over the
range of historical levels; 2) the recruitnent time series has the same
statistical properties as the observed recruitnent, particularly the same nean
and variance; and 3) strong assunptions about the pattern of variability in

recruitnment that are not supported by the data are avoi ded.

Harvest Strategies and Risk
Wt hout know edge of the effect of harvesting on ability of the Pacific
whi ting popul ation to produce successful recruitnments in a highly variable
ocean environnent, we incur a risk of population collapse by taking a harvest.
W assess this risk by focusing on the femal e spawning biomass. This is

defined as

SB =X POPN, x MATURE, x PROPFEM, x WEIGHT, ,
t

where POPN is the popul ation nunber of an age group, MATURE, is the
fraction of sexually mature fermales of an age group, PROPFEM is the female
proportion of total biomss of an age group, and VEIGHT, is the popul ation
wei ght at age. Figure 21 shows a frequency histogramfor 20 replicate |, 000-
year sinulations of an unexploited Pacific whiting popul ation using the
recruitment resanpling nethod described earlier. Wen an annual harvest is
taken from the population, the distribution of female spawning biomass will be
shifted towards | ower nean |evels of female spawning biomass. The risk is the
possibility that harvesting might |ower the femal e spawning biomass to such
low |l evels that it could no |longer produce recruitment to sustain popul ation

abundance even when conditions are favorable for |arval survival.
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To assess this risk we used the enpirical distribution of female
spawni ng bi omass for an unexpl oi ted popul ati on-as a benchmark agai nst which we
gauged the magnitude of the disruption that occurs when an annual harvest is
taken from the population. W designated the 0.1 percentile of female
spawni ng bi omass as a cautionary |evel of fermale spawning biomass. This
occurs at 457,000 t of femml e spawning biomass, which is 32% of the nean
unfished fenmale spawning biomass (Fig. 21). W assess the risk of a
particular harvest strategy by determining the probability of female spawning
bi omass dropping below this level. The harvest strategies we devel op maxini ze
yield fromthe fishery subject to the constraint that this probability is at a
selected level. Lowrisk harvest strategies are those where the probability
of dropping below this cautionary level is low, and high-risk strategies are
those where the probability is high

We acknow edge that the 0.1 percentile of unexploited fenmale spawning
biomass is an arbitrary level, and we do not argue that the probability of
recruitnment failure increases rapidly below this |level, although we do note
that it nust increase rapidly below some level. The fact that the Pacific
whi ting popul ation persists in an unexploited state at some stable |evel of
mean abundance suggests that the distribution of unexploited female spawning
bi omass is sufficient to maintain the population through all but the nost
extraordi nary of circunstances. The 0.1 percentile is a level below which the
femal e spawni ng bi omass has not dropped during our 32 years of observation
Qur confidence in the assunption that recruitnment is unaffected by female
spawni ng bi omass erodes rapidly bel ow this point--hence the term cautionary
| evel .

W consi der several classes of harvest strategies: 1) a constant F

strategy; 2) a variable F algorithm devel oped by Shuter and Koonce (1985); and
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3) a hybrid strategy that uses a constant F strategy when femal e spawni ng
bi omass is above the nean level, and a variable F strategy when it is bel ow
the mean. For the variable F algorithm fishing nortality in a given year (y)

is calculated by
F, = FOPC(SBy/SBop,:) p

where F,, is the optinmum |level of fishing nortality, SB,is the current
femal e spawni ng biomass |evel, and SB, is the nean female spawning bi omass
for the optimal constant F strategy.

The variable F harvest strategy has been used to nanage the Pacific
whiting resource since 1985. It was considered superior to constant F
strategi es because in sinmulations it gave a higher nmean yield for a given
| evel of risk. It also provides nore protection to the stock in a period of
decl i ni ng abundance by cutting back on the fishing nortality rate at |ow
femal e spawning bionass |evels. A disadvantage of this strategy is that it
nmakes yield fromthe fishery extrenely variable, and this variability
necessarily includes large declines in the yield fromone year to the next
when a strong year, class noves out of the fishery. The econonic and politica
consequences of the variable F strategy have not been confronted in the past
sinply because before 1988 the yield fromthe fishery was far bel ow the
recomendat i ons.

Tabl e 20 gives the paranmeters used to sinulate the dynamics of the
Paci fic whiting popul ation. Estinates of sustainable yield for a constant F
strategy, a variable F strategy, and the hybrid harvest strategy are given in
Table 21. The table entries were estimted by averaging 20 replicate |, 000-
year simulations. To renove the effect of initial conditions, all sinmnulations

were run for 50 years before beginning to tabulate the sunmmary statistics.
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For each harvest strategy we present three levels of risk (low, moderate, and
high) to bracket viable alternatives and to provide a middle course. It is
important to bear in nmind that the |abels of |low, medium and high risk are
rel ative designations, and are not intended to inply judgments about which
strategy is best.

The risk categories were defined as follows. Under a |owrisk strategy
the probability of falling bel ow the cautionary femal e spawning bi omass |eve
is 0.10; for noderate risk it is 0.20; and for high risk it is 0.30. Although
the definitions of these categories are arbitrary, they result in fishing
mortality rates that span the biol ogical reference points comonly used to
gui de fisheries managenent decisions (Sissenwine and Shepherd 1987). The |ow
risk options are near a strategy where fishing nortality equals natura
mortality (F - M. Under noderate-risk harvesting strategies, the nean fenale
spawni ng bi omass is between 48 and 54% of mean unexpl oited femal e spawni ng
bi omass - - approxi mately equal to the 50% that the Graham Schaefer surplus
production nmodel woul d predict for maxi num sustainable yield (R cker 1975).
The high-risk strategies reduce nean femal e spawni ng bi onass to 44-47% of the
unexploited | evel and correspond nore closely to a F,; strategy. For
reference, we also show in Table 21 the results of sinulations using an
exploitation rate that |owers the femal e spawning biomass to 35%of its
pristine level. High exploitation rates are necessary to fish at the Fssy
| evel because Pacific whiting becone mature at a younger age than they recruit
to the fishery. However, it should also be noted that age at first maturity
for the coastal population of Pacific whiting has not been extensively
studied, so the estimates of maturity used in the nodel are not based on

reliable data.
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Estinates of sustainable yield presented in Table 21 ranged between
168,000 and 202,000 t for the lowrisk harvesting policies, between 205, 000
and 226,000 t for mpderate-risk harvesting policies, and between 227,000 and
247,000 t for the high-risk harvesting policies. The constant F strategy
produced the lowest variability in yield, but also had the |owest mean yield
The variable F strategy had higher mean yield, but variability in yield was
also higher. The hybrid strategy was internediate in performance, both in
mean yield and in the variability of yield. This strategy appears to offer a
reasonabl e conpronise policy that protects the stock at |ow |levels of fenale
spawni ng biomass, nmintains relatively high nean yield, yet avoids the extrene
variability in yield of the variable F strategy. Yield curves for the
constant F policy, the variable F policy,. and the hybrid policy are shown in

Figure 22
Yl ELD FORECASTS FOR 1991-93 AND 1991 ACCEPTABLE BI OLOd CAL CATCH

Since 1967, the Pacific whiting fishery has been supported by strong
year classes occurring every 3 or 4 years. The 1980 and 1984 year cl asses
have dom nated the catch in recent years. The 1984 year class constituted
62.4% of the 1989 U.S. fishery catch of whiting by nunber, and nost of the
remai ning catch was contributed by the 1980 year class (25.8%. The
projection of steeply declining yields in |ast year's stock assessment was a
consequence of the advancing age of these two large year classes and the |ack
of significant recruitment since the 1984 year class. W have noderated our
proj ections based on information that has becone available since |ast year
The nmost consequential of this new information is the estinmate of the
popul ati on bi omass fromthe 1989 stock assessment surveys. Despite an

aggregate harvest of over 850,000 t between the 1986 and 1989 surveys, the
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total biomass estimate in 1989 was only 24%| ower than the 1986 estimate,
indicating a decline of approximtely 500,000 t in popul ati on biomass. This
noderate decline is even nore surprising when it is noted that 88% of the
popul ation biomass in 1989 was age 5 and ol der, and should al so have been
surveyed in 1986. The synthesis nodel increases the abundance of the 1980 and
1984 year classes to fit the 1989 survey bionass observation. Moreover, our
final synthesis nodel relaxes the assunption made in |ast year's assessnent
that the younger age groups are fully selected by the triennial surveys. As a
result, the projections of declining spawning bionass as the 1980 and 1984
year classes nove out of the population are not nearly as inmmediate nor as
steep as in last year's assessnent (Fig. 23).

Evi dence of significant recruitnent to the population since the 1984
year class remains sketchy. A noderately abundant 1987 year class was
detected by the 1989 acoustic survey and is evident as a node at 40 cmin a
prelimnary tabulation of the 1990 fishery length frequency--but not as
prom nently as the 1984 year class in 1987 (Fig. 24). The age-2 abundance of
the 1987 year class was estimated by the stock synthesis nodel as 0.903
billion fish, close to average recruitment for the years 1960-89. There is
al so sone evidence that the 1988 year class may al so be of noderate size. The
tram survey in 1989 encountered age-| fish (Table 6), and the U S. fishery
length frequency in 1990 shows the age-1 fish as a flat shoulder at 34 cm on
the ascending linmb of the histogram

Most of the indeterminacy in the yield projections for 1991-93 is due to
our uncertainty of the year-class sizes for 1989-91. Qur ignorance i s nost
crucial with respect to the tinming of the next strong year class. W consider
four alternative recruitment scenarios. In scenario A the 1989 year class is

strong, followed by weak year classes in 1990 and in 1991. |n scenario B, the
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1989 year class is weak, the 1990 year class is strong, and the 1991 year
class is weak. In scenario C, a strong year class does not occur until 1991.
Scenario D represents the worst case: weak year classes in all 3 years. A
strong year class is operationally defined as the mean of the top 25% of the
historical recruitments (age-2 abundance 3.526 billion), and a weak year class
as the mean of the historical recruitnents below the 50th percentile (age-2
abundance 0.283 billion).

Al though these recruitment scenarios are intended to represent plausible
alternatives, we do not argue that they are equally likely. The prelimnary
tabul ation of the length frequency for the 1990 U S. fishery shows no sign of
a mode of small fish less than 30 cmthat would indicate a strong 1989 year
class (Fig. 24). The detection of age-0 fish by the acoustic survey in 1989
is worth nmentioning even though the abundance estimate is too unreliable to be
used in quantitative projections. Al so, 1989 and 1990 were cold years
(Jerrold Norton, Pacific Fisheries Environnental Goup, P.O Box 831
Monterey, California 93942. Pers. commun., April 1990), and a strong year
class has never been observed during a cold year.

We used a determnistic version of the population sinmulation nodel with
the information in Table 22 to forecast the yield for 1991-93. The popul ation
abundance for the beginning of 1989 (estimated by the stock synthesis nodel)
was updated to the start of 1991 by renmoving the yield for 1989 and 1990. For
the 1988 year class, age-2 recruitment was set to 1.230 billion (the nean
1960-89 recruitment), reflecting our conclusion that it is nost |ikely of
moderate size. The weight-at-age vectors given in Table 22 for the U S.
catch, the Canadian catch, and the Pacific whiting popul ation are averages of
the weight at age for 1987-89. These vectors represent the weight at age

currently observed in the stock rather than the | ong-term average.
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Tabl e 23 gives the projected yields for 1991-93 under the hybrid policy
and the constant F policy for the different risk |evels discussed in the
previous section. The yield for 1991 ranged from 146,000 to 327,000 t. The
risk level contributes about 106,000 t of the range, the recruitment scenario
contributes about 12,000 t, and the F strategy contributes about 63,000 t.

The lowrisk scenario provides greater stock protection than seens necessary,
thus it is not recormended. The noderate-risk, hybrid strategy specifies a
total yield of 253,000 t for recruitnent scenarios B, C, and D, which assume
that the 1989 year class is weak. The high-risk hybrid strategy specifies a
total yield of 311,000 t for the same situations. In view of the
uncertainties involved in our estimates of the current stock abundance, we
feel reluctant to reconmend the high-risk option. W propose a total ABC of
253,000 t in 1991. Pending a binational agreement on an allocation plan, we
make no recommendation on allocating the yield between the U S. and Canadi an
fisheries.

In 1992, the yield projections ranged from 133,000 to 295,000 t. Under
the optimstic recruitment scenario A, which assunes a strong 1989 year cl ass,
the yield for 1992 will still be close to the 1991 yield. A strong 1989 year
class will not have a great deal of influence on the femal e spawni ng bionass
or the recruited biomass until 1992 and later. Under the less optimstic
scenarios B, C, and D, the yield for 1992 will drop below the yield for 1991.
Because of the high level of uncertainty concerning the 1989 and 1990 year
classes, forecast of the yield for 1993 is purely specul ative. However, it is
unlikely to exceed 313,000 t, and may be as |low as 116, 000 t. Under nost
recruitnent scenarios, yield is projected to show a declining trend over the

next 3 years.
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Table 1.--Annual catches of Pacific whiting (1,000 t) in U S and Canadian
rf‘nlanagenenlt%éogges by foreign, joint venture (JV), and donestic
eets, - 89.

U. s. ' Canada

Comb ined
Year Foreign Jv Domestic Total Forelgn Jv Domestic Total total
1966 137.000 0.000 0.000 137.000 0.700 0.000 0.000 0.700 137.700
1967 168.699 0.000 8.963 177.658 36.713 0.000 0.000 36.713 214.371
1968 60.660 0.000 0.159 60.819 61.361 0.000 0.000 61.361 122.180
1969 86.187 0.000 0.093 86.280 93.851 0.000 0.000 93.851 180.131
1970 159.509 0.000 0.066 159.575 75.009 0.000 0.000 75.009 . 234584
1971 126.485 0.000 1.428 127.913 26.699 0.000 0.000 26.699 154.612
1972  74.093 0.000 0.040 74.133 43.413 0.000 0.000 43.413 117.546
1973 147.441 0.000 0.072 147.313 15.125 0.000 0.001 15.126 162. 439
1974 194.108 0.000 0.001 194.109 17.146 0.000 0.004 17.150 211.259
1975 205.654 0.000 0.002 205.656 15.704 0.000 0.000 15.704 221.360
1976 231.331 0.000 0.218 231.549 . 5.972 0.000 0.000 5.972 237.521
1977 127.013 0.000 0.489 127.502 5.191 0.000 0.000 3.453 130.955
1978 96.827 0.856 0.689 98,372 3.453 1.814 0.000 6.464 104.836
1979 114.909 8.834 0.937 124.680 7.900 4.233 0.302 12.435 137.115
1980 44,023 27.537 0.792 72.352 5.273 12.214 0.097 17.584 89.936
1981 70.365 43.556 0.839 114.760 3.919 17.159 3.283 24.361 139.121
1982 7.089 67.464 1.024 715.577 12.479 19.676 0.002 32.155 = 107.732
1983 0.000 72.100 1.050 73.150 13.117 27.657 0.000 40.774 113.924%
1984 14.722 78.889. 2.721 96.382 13.203 28.906 0.000 42.109 13B.491
1985 49.853 31.692 3.894 85.439 10.533 13.237 1.192 24.962 110.401
1986 69.861 B81.640 3.463 154.964 23.743 30.136 1.774 55.653 210.617
1987 49.656 105.997 4.795 160.448 21.453 48.076 4.170 73.699 234.147
1988 18.041 135.781 6.876 160.698 39,714 50.182 0.594 90.491 251.189
1989 0.000 203.578 7.418 210.996 31.589 66.256 0.000 97.845 308.841
Mean
1966-89 131.555 38.070 169.625

Sources: 1966-80 from Balley et al. 1982; 1981-89 from Paclific Fishery Information Network
(PacFIN), Pacific Flshery Management Councll, Metro Center, Suite 170, 2000 SW. Flrst Avenue,
Portland, OR 97201; Canadlan catches reported by Mark Saunders, Pacific Blologlical Station,
Department of Fisherlies and Oceans, Nanaimo, B.C, V9R 5K6, Pers. commun., January 1990.
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Table 2.- -Catch at age (mllions of fish) for the Pacific whiting fisheries,
1978- 89. Separate tables are given for the U S. fisheries, the
Canadi an fisheries, and the conbined fisheries. These totals are
t he aggregate catch fromthe forei gn, joint venture, and domestic
fisheries.
Age
Year 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 Total
U.S5. fisheries
1978 0.01 0.02 4.56 8.58 51.87 9.48 20.32 38.57 5.74 2.48 1.28 0.52 0.20 0.05 0.01 143.69
1979 0.00 4,34 B8.74 17.41 10.15 48.01 15.47 29.48 20.82 4.25 1.70 0.50 0.22 0.05 0.03 161.16
1980 0.00 0.13 24.67 2.16 6.90 7.16 20.11 9.57 11.99 9.92 1.74 1.35 1.01 0.59 0.14 97 .42
1981 13.38 1.25 2.30 97.62 6.89 9.64 6.77 23.33 6.26 7.24 7.05 0.95 0.48 0.12 0.13 183.43
1982 0.00 27.51 1.93 1.57 57.88 5.02 5.78 5.02 11.96 2.43 2.53 4.64 0.34 0.13 0.03 126.77
1983 0.00 0.00 B6.60 7.22 3.63 36.79 4.68 3.72 3.32 5.24 1.62 1.00 1.00 0.16 0.14 155.12
1984 0.00 0.00 2.59 164.97 7.18 5.18 17.54 2.17 1.24 0.82 1.34 0.21 0.20 0.31 0.03 203.78
1985 2.27 0.55 1.32 12.36 113.50 9.74 4.30 6.75 0.61 0.34 0.24 0.36 Q.00 0.00 0.00 152.34
1986 0.00 62.92 12.88 1.85 9.34 171.79 21.55 10.76 12.45 1.53 1.05 0.38 0.79 0.15 0.05 307.49
1987 0.00 0.00 124.20 6.58 1.68 2.72 151.56 7.89 3.09 14.87 ~ 0.57 0.15 0.15 1.25 0.00 314.71
1988 0.00 1.22 1.31 172.76 8.02 1.40 2.60 96,93 5.16 0.72 8.32 0.15 0.24 0.00 0.65 299.49
1989 0.00 8.65 9.57 3.88 257.20 7.80 2.46 2.74 106.63 6.62 0.87 5.37 0.03 0.12 0.57 412.51
Canadian fisheries
1978 0.00 0.00 0.00 0.20 0.35 0.28 1.06 1.31 1.12 0.62 0.48 0.21 0.18 0.09 0.00 5.90
1979 0.00 0.00 0.00. 0.21 0.62 1.30 1.14 2.10 3.02 1.10 0.79 0.37 0.25 0.17 0.12 11.18
1980 0.00 0.00 0.00 0.00 0.47 0.62 2.46 0.92 1.18 6.74 1.27 0.62 0.62 0.20 0.00 15.07
1981 0.00 0.00 0.00 1.01 0.27 1.41 1.38 4.28 0.85 2,36 6.18 1.49 0.60 0.85 0.00 20.66
1982 0.00 0.00 0.00 0.69 13.35 1.10 1.44 1.41 4.41 1.00 0.78 6.04 0.59 0.47 0.00 31.27
1983 0.00 0.06 14.02 1.03 1.80 32.15 1.29 1.87 1.67 5.59 0.77 0.26 3.41 0.26 0.13 64,30
1984 0.00 0.00 1.11 13.27 1.73 9.26 20.86 2.04 2.35 1.54 4.81 0.93 0.80 2.65 0.37 61.71
1985 0.00 0.06 0.06 2.45 8.03 1.65 3.25 9.62 0.49 0.55 0.55 1.65 0.37 0.00 1.59 30.33
1986 0.00 0.14 0.14 0.28 3.97 38.41 2,41 2.41 11.48 1.28 0.57 0.99 1.42 0.43 1.42 65.33
1987 0.00 0.00 0.90 0.60 0.15 2.56 70.71 2.86 2.86 10.38 0.60 0.45 1.20 0.90 1.20 95.38
1988 0.00 0.00 0.31 15.28 0.62 1.13 2.36 66.66 2.26 1.44 7.90 0.51 0.21 0.21 0.62 99.48
1989 0.00 0.00 0.20 0.59 35.55 0.20 0.39 0.59 69.34 1.76 1.37 B.59 0.39 0.20 1.17 120.32
Combined fisheries
1978 0.01 g.02 4.56 8.78 52.21 9.76 21.38 39.88 6.86 3.10 1.76 0.73 0.38 0.14 0.01 149.58
1979 0.00 4.34 8.74 17.62 10.76 49,31 16.61 31.58 23.83 5,34 2.49 0.87 0.46 0.22 0.15 172.34
1980 0.00 0.13 24.67 2.16 7.36 7.77 22.57 10.49 13.16 16.65 3.00 1.97 1.62 0.78 0.14 112.49
1981 13.38 1.25 2.30 98.63 7.16 11.05 B.16 27.60 7.11 9.60 13.23 2.44 1.08 0.97 0.13 204.09
1982 0.00 27.51 1.93 2.25 71.24 6.11 7.22 6.43 16.37 3.43 3.31 10.67 0.94 0.60 0.03 158.04
1983 0.00 0.06 100.61 8.25 5.43 68.93 5.96 5.58 4.99 10.83 2.39 1.26 4.41 0.42 0.27 219.42
1984 0.00 0.00 3.71 178.24 8.91 14.43 138.39 4.20 3.58 2.36 6.15 1.14 1.00 2.97 0.40 265.49
1985 2.27 0.61 1.38 14.81 121.52 11.39 7.55 16.37 1.10 0.89 0.79 2.02 0.37 0.00 1.59 182.67
1986 0.00 63.06 13.02 2.13 13.31 210.20 23.96 13.17 23.93 2.80 1.62 1.37 2.20 0.58 1.46 1372.82
1987 0.00 0.00 125.10 7.18 1.83 5.28 222.27 10.7& 5.95 25.25 1.17 0.60 1.35 2.15 1.20 410.09
1988 0.00 1.22 1.62 188.05 8.64 2.53 4.96 163.59 L4227 2.15 16.22 0.67 Q.44 0.21 1.26 398.96
1989 0.00 8.65 9.76 4.46 292.75 8.00 2.85 3.32 175 98 8.138 2.24 13.96 0.42 0.31. 1.74 532.82
éo [ Ces; Jgeald Ber U SN {Jg.% nf erYer Progr Eam @I? a Fw\h S[gl ence Center Natlon l\/arine
she rvi ce L , FQ a x 990, aéiém
ﬁ : 6| csFJe el N%y ders, ac| 0| oglc Iallon partnent o Flsherles an “Cceans, Nanci no,
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Table 3.--U.S. and Canadi an mean fishery length at a?e (cm and coefficients
of a length-weight relationship (cmto g) for Pacific whiting in

1989.
Males ' Females
Age
(years) U.S. Canada U.S. Canada
Length at age
2 32.8 .-- 33.1 ---
3 36.9 --- 38.3 48.0
4 39.8 “.-- 41.1 46.7
S 42.9 44 .4 43.6 45.2
6 43.0 --- 44.5 47.0
7 45.7 54.0 44.9 54.0
8 46.6 --- 45.9 48.8
9 45.6 48.8 46.8 50.9
10 45,7 50.4 47.2 52.0
11 47.5 50.5 47.9 55.0
12 50.1 52.5 51.8 56.2
13 53.0 48.5 58.7 ---
14 50.3 --- 57.6 59.5
15+ 53.5 70.0 53.5 59.6
Variable Length-weight coefficients
a 0.0361 0.0096 0.0080 0.0507
b 2.5232 2.8930 2.9168 2.4760

Sources: Jerald Berger, US. Foreign Fishery Observer Program Al aska

Fi sheries Science Center, National Marine Fisheries Service, NOAA, BIN C15700,
7600 Sand Point Way NE, Seattle, WA 98115, Pers. commun., My 1990. Canadi an
statistics reported by Mark Saunders, Pacific Biological Station, Departnent
of Fisheries and Cceans, Nanainmpb, B.C. VIR 5K6, Pers. commun., My 1990.
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Table 4.--Analysis of variance table for the logarithmof Pacific whiting
wei ght, using the logarithm of length as a covariate.

Source df SS Mean square F-value P>F
Area 2 0.015 0.0075 0.586 0.5567
Time period 2 0.190 0.0950 7.422 0.0006
Age ' 13 1.311 0.1008 7.879 <0.0001
Sex 1 0.959 0.9585 7.488 0.0063
In(length) 1 81.587 81.5870 6,373.984 <0.0001
In(length) x area 2 0.022 0.0110 0.859 0.4237
In(length) x time period 2 0.132 0.0660 5.156 0.0059
In(length) x age 13 2.047 0.1575 12.302 <0.0001
1n(length) x sex 1 0.100 0.1000 7.813 0.0052
Error 3,027 38.753 0.0128
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Table 5.- -Paraneter estimates for a factorial analysis of variance of the
| ogarithm of Pacific whiting weight using the logarithmof length as
a covariate. The geographic areas used as factor levels are the
same as the geographic strata used to conpile catch at age and
length at age: EUR (the intercept characteristic)--Mnterey and
Eureka I NPFC areas, SCOL --south Colunbia INPFC area, VNC --north
Colunbia and U.S. Vancouver |INPFC area. The time periods used as
factor levels are early (April-June), middle (July-August), and late
( Sept ember - Novenber) .

Parameter Estimate SE of estimate
Intercept -13.150 0.774
Area
SCOL -0.262 : 0.249
VNC -0.275 0.286
Time period
Middle 0.839 0.226
Late 0.766 0.263
Age
2 -1.105 1.493
3 3.107 1.903
4 3.159 0.733
5 2.425 1.131
6 2.119 1.839
7 0.185 1.116
8 1.882 0.726
9 3.412 0.909
10 4.270 2.805
11 0.057 0.741
12 -4,297 3.208
13 0.145 3.440
15 -0.577 0.940
18 -0.361 0.228
Sex
Female ‘ 0.482 0.176
In(length) 3.343 0.231
In(length) x Area
SCOL 0.075 0.066
VNC 0.096 0.075

‘1n(1ength) x Time period :
Middle -0.186 0.060
Late -0.162 0.069
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Parameter Estimate SE of estimate
1n(1en%th) X Age
0.284 0.429
3 -0.894 0.530
4 -0.900 0.220
5 -0.697 0.318
6 -0.622 0.495
7 -0.131 0.310
8 -0.565 0.218
9 -0.959 0.259
10 -1,175 0.728
11 -0.095 0.219
12 0.983 0.818
13 -0.114 0.876
15 0.072 0.260
In(length) x sex
Female -0.130 0.047
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Table 6.--Estimated nunbers at age (mllions of fish) for Pacific whiting b
INPFC area for 1989 west coast bottom traw survey. These estimates
were produced using standard area-swept methods (Wi nberg 1984).

INPFC Areas

NCol. - Can.

Age Conc. Mont. Eureka SCol. U.S. Van. Van. " Total
0 3.941 3.324 0.005 0.008 0.000 0.000 7.278
1 8.847 35.331 27.683 42.217 0.008 0.013 114.099
2 0.888 18.171 10.132 15.224 0.111 0.042 44,569
3 0.054 5.758 3.273 4,861 0.148 0.000 14.094
4 0.022 4.468 1.989 3.811 1.639 0.000 11.929
5 0.096 30.449 20.555 62.407 56.190 2.626 172.324
6 0.009 4.176 1.035 3.471 1.066 0.482 10.240
7 0.019 7.263 1.197 4.066 2.964 0.335 15.844
8 0.005 1.688 0.576 1.670 0.819 0.208 4.966
9 0.163 55.443 24,698 87.260 88.401 14,674 270.639

10 0.015 4.450 0.655 2.380 1.554 0.631 9.685

11 0.001 0.218 0.094 0.423 - 0.698 0.000 1.433

12 0.071 10.445 2.419 1 9.818 10.496 3.227 36.475

13 0.002 0.057 0.008 0.034 0.038 0.000 0.139

14 0.004 0.147 0.011 0.077 0.090 0.000 0.329

15 0.006 0.501 0.144 0.469 0.825 0.706 2.652

Total 14.143 181.890 94.473 238.196 165.048 22.945 716.695

Conc. = Conception

Mont. = Nonterey.

SCol. = Southern portion of Colunbia

NCol. - US. Van. = Northern portion of Columbia and U.S. Vancouver.
Can. Van. = Canadi an portion of Vancouver area, up to lat. 49°35' N
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Table 7.- -Estinmated bi omass at age (1,000 netric tons) by |INPFC area for 1989
west coast Pacific whiting bottom trawl survey. These estimates
were produced using standard area-swept nethods (Weinberg 1984).

INPFC Areas

NCol. - Can.

Age Conc Mont. Eureka SCol. U.S. Van. Van. Total
0 0.052 0.038 0.000 0.000 0.000 0.000 0.090
1 0.911 3.909 2.823 4.305 0.000 0.002 11.950
2 0.125 4.112 2.335 3.489 0.042 0.009 10.111
3 0.018 1.895 1.088 1.620 0.066 0.000 4.687
A 0.008 1.743 0.794 1.628 0.970 0.000 5.143
5 0.052 15.981 11.187 34.629 32.033 1.794 95.675
6 0.006 2.459 0.608 2.107 0.692 0.323 6.194
7 0.012 4.228 0.724 2.506 1.984 0.271 9.725
8 0.004 1.171 0.304 1.006 0.551 0.125 3.160
9 0.122 33.968 15.513 55.791 59.559 12,371 177.323

10 0.012 2.839 0.442 1.637 1.239 0.636 6.805

11 0.001 0.176 0.071 0.318 0.528 0.000 1.095

12 0.066 7.908 1.935 7.664 8.975 3.169 29.718

13 0.002 0.061 0.009 0.038 0.048 0.000 - 0.158

14 0.005 0.160 0.012 0.078 0.087 0.000 0.342

15+ 0.008 0.673 0.225 0.684 1.147 0.998 3.735

Total '

1.403 81.321 38.069 117.501 107.921 19.695 365.910

Conc. = Concepti on.

Mont. = Monterey.

SCol. = Southern portion of Colunbia

hEbI.-G:S. Van. = Northern portion of Colunbia and U S. Vancouver
Can. Van. = Canadian portion of Vancouver area, up to-lat. 49°35'N
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Table 8.--Estimated nunbers at age by INPFC area (millions of fish) for 1989
Paci fic whiting acoustic survey.

west

coast

, ~ These estinmates were
produced using standard methods for anal yzing acoustic surveys of

fish populations. as described by Dark et al. 1980
INPFC Areas
NCol. - Can.

Age Conc. Mont. Eureka SCol. U.S. Van, Van. Total
0 1955.386 0.000 0.000 0.000 0.000 0.000 1955.386
1 0.000 1.439 0.000 0.000 0.000 0.000 1.439
2 0.000 143.718 105.432 7.802 1.090 0.066 258.108
3 0.000 31.125 29.490 5.982 2.987 0.387 69.972
4 0.000 5.422 8.438 3.717 2.437 0.587 20.600
5 0.000 173.087 437.376 337.520 251.585 78.850 1278.419
6 0.000 3.826 8.291 6.587 4.880 1.675 25,259
7 0.000 2.102 3.737 3.375 3.076 1.446 13,736
8 0.000 1.811 3.664 5.446 4.697 2.051 17.668
9 0.000 63.116 © 108.900 144 .230 136.580 65.866 518.692

10 0.000 2.487 5.509 6.582 5.886 2.626 23.089

11 0.000 0.301 0.365 0.819 0.835 0.440 2.761

12 0.000 6.144 4.841 6.913 8.840 6.559 33.297

13 0.000 0.000 0.000 0.000 0.000 0.000 0.000

14 0.000 0.000 0.000 0.000 0.000 0.000 0.000

15 0.000 1.525 0.000 0.205 0.859 0.592 3.182

Total

1955.386 436.105 716.043 529.176 423.751 128.554  4189.015

Conc. = Conception

Mont. = Monterey.

SCol. = Southern portion of Colunbia

NCol .-U.S. Van. = |
= Canadi an portion of Vancouver area,

Can. Van.

= Northern portion of Colunbia and U.S. Vancouver.

up to lat.

50°00' N
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Table 9.- -Estimated bi omass at age (1,000 netric tons) pﬁq I NPFC area for 1989
e

west coast

Pacific whiting acoustic survey. .
produced using standard methods for anal yzing acoustic surveys of

se estimtes were

fish populations as described by Dark et al. 1980.

INPFC Areas

NCol. - Can.

Age Conc. Mont. Eureka SCol. U.S. Van. Van. Total
0 31.693 0.000 0.000 0.000 0.000 0.000 31.693
1 0.000 0.186 0.000 0.000 0.000 0.000 0.186
2 0.000 45.995 34.737 2.694 0.414 0.026 83.866
3 0.000 . 11.176 11.388 2.548 1.331 0.181 26.624
4 0.000 2.261 3.777 1.889 1.261 0.325 9.513
5 0.000 91.990 . 231.679 187.162 141.799 46.243 698.873
6 0.000 1.971 4.249 3.689 2.818 1.021 13.748
7 0.000 1.309 2.000 1.992 1.997 1.029 8,327
8 0.000 1.113 2.161 3.385 2.956 1.323 10.938
9 0.000 44,576 64.084 90.893 90.148 46.172 335.873

10 0.000 1.554 3.285 4.078 3.772 1.752 14.441

11 0.000 0.202 0.225 0.541 0.560 0.302 1.830

12 0.000 5.168 2.869 4.634 6.544 5.603 24,818

13 0.000 0.000 0.000 0.000 0.000 0.000 0.000

14 0.000 0.000 0.000 0.000 0.000 0.000 0.000

15+ 0.000 1.936 0.000 0.185 0.778 0.626 3.525

Total

31.693 209.437 360.454 303.69 254,378 104.603  1264.255

Conc. = Concepti on.

Mont. = Monterey.

SCol. = Southern portion of Col unbia.

NCol .- U. S. Van.
= Canadi an portion of Vancouver area,

Can. Van.

= Northern portion of Colunbia and U.S. Vancouver.

up to lat. 50°00" N.
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Table 10. -- Estinates of total biomass (1,000 netric tons) for the 1989 traw
and acoustic surveys by region. CV-coefficient of variation.
INPFC Areas
U.S. Can.
Conc. Mont. Eureka Columb. Van. Van. Total
TRAWVL 1.362 83.472 37.694 205.729 21.501 22.765 372.520
cv 0.443 0.231 0.159 0.155 0.559 0.658 0.114
ACOUSTIC 31.693 209.437 360.454 420.665 137.405 104.603 1264.257
cv 0.090 0.118 0.242 0.089 0.397 0.243 0.091
Conc. = Conception.
Mont. = Monterey
Col umb. = Colunbia.
U S Van. = US. Vancouver.
Can. Van. = Canadian portion of Vancouver area, up to about lat. 50°00' N
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Table 11 .--Estimates of Pacific whiting biomass (1,000 nmetric tons) by region
resulting fromthe NVFS bottomtraw and acoustic surveys in 1977,
1980, 1983, 1986, and 1989. The trawl survey estimtes of bionass
in the Canadian zone in 1977 and 1986 were interpolated by
mul tiplying the acoustic biomass in 1977 and 1989 by the ratio of
the aggregate trawl biomass for the Canadi an Vancouver | NPFC area
for the surveys in 1980, 1983, and 1989 to the aggregate acoustic
bi omasses for the sane years. The expansion factor used to
account for the unsurveyed biomass north of survey grid has not
been used to adjust these biomass estimtes. BT -bottom traw
estimate, A-acoustic estimte, T-total.

INPFC Areas

U.S. Can.
Year Estimate Mont. Eureka Columb, Van. Van. Total
1977 BT 17.707 10.153  31.548 6.523 10.376 76.307
A 108.087 360.944 316.44 152.439° 191.382 1129.292
T 125.794 371.097 347.988 158.962 201.758 1205.599
1980 BT 140.948 11.338 19.858 11.770 4.385 188.299
A 579.841 182.783 260.477 159.931 162.402 1345.434
T 720.789 194.121 280.335 171.701 166.787 1533.733
1983 BT 19.164 43,559 56.665 8.068 1.352 128.808
A 56.203 252.265 397.168 236.507 258.725 1200.868
T 75.367 295.824 453.833 244,575 260.077 1329.676
1986 BT 95.953 45,228 78.568 19.403 15.414 254 .566
A 770.292 192.205 402.469 238.476 284.316 1887.758
T 866.245 237.433 481.037 257.879 299.730 2142 .324
1989 BT 84.834 37.694 205.729 21.501 22.765 372.523
A 241.13 360.454 420.665 137.405 104.603 1264 .257
T 325.964 398.148 626.394 158.906 127.368 1636.780
Mont. = Conception and Monterey.
Col umb. = Col unbi a
U S. Van. S. Vancouver

= U
Can. Van. = Canadian portion of Vancouver area, up to about lat. 50°00'N
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Table 12. --Natural nortality estimates for Pacific whiting using estimates of
abundance fromthe triennial NWS surveys and the catches
occurring from one survey to the next. Only the dom nant year
classes (1967, 1970, 1973, 1977, 1980, and 1980) were used to
estimate natural nortality. Starting abundance, ending abundance,
and aggregate catch are in nmllions of fish,

Mean Age
- Year age Years range Starting Ending Aggregate Natural
class (years) surveyed (years) abundance abundance catch mortality
1973 5.5 1977-80 4-7 . 462,020 270.756 134 .484 0.053
1970 8.5 1977-80 7-10 666.795 91.087 103.154 0.544
1967 11.5 1977-80 10-13 42.525 12.932 4.689 0.338
1977 4.5 1980-83 3-6 1584.050 368.005 241.323 0.372
1973 8.5 1980-83 7-10  270.756 49.045 64.598 0.392
1970 11.5 1980-83 10-13 91.087 9.508 38.217 0.376
1980 4.5 1983-86 3-6  2747.967 1715.134 451.235 0.086
1977 7.5 1983-86 6-9 368.005 200.573 86.248 0.099
1973 11.5 1983-86 10-13 49.045 20.530 13.123 0.162
1984 3.5 1986-89 2-5 3151.929 1450.743 674.983 0.144
1980 7.5 1986-89 6-9 1715.134 789.331 603.107 0.087
1977 10.5 1986-89 9-12 200.573 69.772 59.060 0.191
Averages
Mean ages 4-6 0.164
Mean ages 7-9 0.281
Mean ages 10-12 0.267

Overal 0.237
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Table 13. - -The effect of nodeling the transboundary mgration of Pacific
WMt|n on the fit of the synthesis nodel as measured by the
?(|Ike|lh00d The headings "U. S. survey" and "Canadi an survey"
er to the NVFS triennial survey data fromthe U S. and Canadi an
zones respectively. In the nodels reported here, both the U.S
and Canadi an survey bionmass estinmates were given an enphasis
weight of 5.0. The alternatives considered were 1) a single
mgration curve, 2) annual mgration coefficients estimted for
the survey years only, and 3) annual migration coefficients
estimated for all vyears
Likelihood
Log(likelihood) Single migr. Annual migr. coef. Annual migr. coef.
components curve for survey vears only for all vears
Value " Value Change Value Change
U.S. fish. age -212.26 -205.31 6.95 -210.48 -5.17
Can. fish. age -318.88 -271.61 47.27 -231.19 40.42
U.S. survey age -193.75 -181.88 11.87 -185.98 -4.10
Can. survey age -84.43 -63.38 21.05 -61.48 -1.90
U.S. surv. biom. -0.74 6.31 7.05 5.45 -0.86
Can. surv. biom. -1.79 5.46 7.25 6.13 0.67
Total -821.98 -662.36 159.62 -631.22 31.14
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Tabl e 14. --Popul ati on nunbers at age (mllions of fish) for the coasta

popul ation of Pacific whiting as_estimated by a geographi c version
of the stock synthesis nodel, 1977-89. Separate tables are given
for the U S. managenent zone, the Canadi an nanagenent zone and the
total west coast popul ation.

Age (years)
Year 3 4 5 6 7 8 9 10 11 12 13 14 15
) U.S. management zone
1977 295.0 234.0 747.0 163.0 126.0 580.0 92.0 66.0 43.0 34.0 26.0 5.0 48.0 180.0
1978 180.0 229.0 176.0 516.0 100.0 74.0 356.0 60.0 44.0 29.0 24.0 19.0 3.0 173.0
1979 2,162.0 140.0 172.0 121.0 320.0 60.0 46.0 237.0 41.0 30.0 20.0 17.0 14.0 135.0
1980 285.0 1,685.0 107.0 125.0 84.0 227.0 45.0 37.0 192.0 33.0 25.0 17.0 15.0 140.0
1981 355.0 223.0 1,287.0 77.0 82.0 51.0 138.0 28.0 24.0 126.0 22.0 17.0 12.0 114.0
1982 6,258.0 271.0 156.0 756.0 36.0 35.0 22.0 65.0 14.0 11.0 63.0 11.0 9.0 74.0
1983 333.0 4,703.0 184.0 89.0 383.0 19.0 20.0 13.0 39.0 B.0 7.0 39.0 7.0 58.0
1984 76.0 258.0 3,633.0 141.0 71.0 325.0 17.0 18.0 12.0 35.0 7.0 6.0 38.0 68.0
1985 196.0 59.0 199.0 2,713.0 102.0 51.0 243.0 13.0 14.0 9.0 28.0 6.0 5.0 95.0
1986 6,110.0 152.0 44.0 135.0 1,598.0 55.0 28.0 139.0 7.0 8.0 5.0 17.0 3.0 65.0
1987 102.0 4,760.0 116.0 32.0 93.0 1,116.0 50.0 21.0 106.0 5.0 6.0 4.0 14.0 63.0
1988 252.0 79.0 3,566.0 79.0 19.0 51.0 623.0 23.0 12.0 63.0 3.0 4.0 3.0 56.0
1989 903.0 197.0 60.0 2,571.0 53.0 12.0 33.0 417.0 15.0 B.0 42.0 2.0 3.0 50.0
Canadian management zone
1977 0.0 1.0 17.0 11.0 22.0 196.0 - 42.0 34.0 23.0 19.0 14.0 2.0 26.0 99.0
1978 0.0 1.0 5.0 47.0 22.0 29.0 186.0 34.0 26.0 17.0 14.0 11.0 2.0 105.0
1979 0.0 1.0 6.0 12.0 81.0 26.0 26.0 148.0 26.0 20.0 13.0 11.0 9.0 88.0
1980 0.0 4.0 1.0 4.0 7.0 43.0 13.0 13.0 72.0 13.0 9.0 6.0 6.0 54.0
1981 0.0 0.0 20.0 3.0 11.0 13.0 52.0 12.0 11.0 60.0 10.0 8.0 6.0 54.0
1982 0.0 6.0 14.0 195.0 19.0 27.0 20.0 61.0 13.0 11.0 61.0 11.0 9.0 72.0
1983 0.0 202.0 29.0 37.0 297.0 20.0 23.0 16.0 48.0 10.0 8.0 49.0 9.0 71.0
1984 0.0 2.0 142.0 16.0 19.0 152.0 10.0 11.0 8.0 24.0 5.0 4.0 26.0 46.0
1985 0.0 0.0 2.0 125.0 12.0 12.0 87.0 5.0 6.0 4.0 12.0 2.0 2.0 43.0
1986 0.0 1.0 2.0 19.0 526.0 29.0 18.0 100.0 5.0 6.0 4.0 12.0 2.0 49.0
1987 0.0 22.0 2.0 1.0 14.0 332.0 16.0 10.0 53.0 3.0 3.0 2.0 7.0 32.0
1988 0.0 0.0 102.0 7.0 4.0 20.0 320.0 13.0 7.0 37.0 2.0 2.0 1.0 34.0
1989 6.0 0.0 0.0 124.0 6.0 3.0 12.0 179.0 7.0 3.0 19.0 1.0 1.0 23.0
Total population
1977 295.0 235.0 764.0 174.0 148.0 776.0 134.0 100.0 66.0 53.0 40.0 7.0 76.0 279.0
1978 180.0 230.0 181.0 563.0 122.0 103.0 542.0 94.0 70.0 46.0 38.0 30.0 5.0 278.0
1979 2,162.0 141.0 178.0 133.0 401.0 86.0 72.0 385.0 67.0 50.0 33.0 28.0 23.0 223.0
1980 285.0 1,689.0 108.0 129.0 91.0 270.0 58.0 50.0 264.0 46.0 34.0 23.0 21.0 194.0
1981 355.0 223.0 1,307.0 80.0 93.0 64.0 190.0 40.0 35.0 186.0 32.0 25.0 18.0 168.0
1982 6,258.0 277.0 170.0 951.0 55.0 62.0 42.0 126.0 27.0 22.0 124.0 22.0 18.0 146.0
1983 333.0 4,905.0 213.0 126.0 680.0 39.0 43.0 29.0 87.0 18.0 15.0 88.0 16.0 129.0
1984 76.0 260.0 3,775.0 157.0 90.0 477.0 27.0 29.0 20.0 59.0 12.0 10.0 64.0 114.0
1985 196.0 59.0 201.0 2,838.0 114.0 63.0 330.0 18.0 20.0 13.0 40.0 8.0 7.0 138.0
1986 6,110.0 153.0 46.0 154.0 2,124.0 84.0 46.0 239.0 12.0 14.0 9.0 29.0 5.0 114.0
1987 102.0 4,782.0 118.0 33.0 107.0 1,448.0 56.0 31.0 159.0 8.0 9.0 6.0 21.0 95.0
1988 252.0 79.0 3,668.0 86.0Q 23.0 71.0 943.0 36.0 19.0 100.0 5.0 6.0 4.0 90.0
1989 903.0 197.0 60.0 2,695.0 59.0 15.0 45.0 596.0 22.0 11.0 61.0 3.0 4.0 73.0




63

Table 15.--The inplications of differing assunptions concerning the
selectivity of immture fish to the triennial assessnent surveys
inthe US. zone. (A = selectivity is fixed at 1.0 for all ages
B = selectivity of age-2 fish estimated, selectivity fixed at 1.0
for all other ages; C = selectivity estimated for ages 2-3
selectivity fixed at 1.0 for all other ages; D = selectivity
estimated for ages 2-4, selectivity fixed at 1.0 for all other

ages)
A B C D

Selectivity
to U.S. survey
Age 2 1.0 0.47 0.46 0.45
Age 3 1.0 1.00 0.74 0.73
Age 4 1.0 1.00 1.00 0.77
Ages 5-15 1.0 1.00 1.00 1.00
Recruitment
(Billions of fish)
1977 year class 2.059 2.066 2.177 2.190
1980 year class 5.844 5.972 6.272 6.321
1984 year class 5.082 5.986 6.090 6.126
1987 year. class 0.433 0.872 0.868 0.903

1989 Biomass
(million t) 1.676 1.924 2.018 2.040

Log(likelihood) -706.05 -650.48 -631.22 -626.45
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Table 16. - -Effect of changing the enphasis on the log(likelihood) for Pacific
whltln% survey biomass. Al other runs of the nodel were nade
with the enphasis set at 5.0. Less negative values of the
Iogéjlkellhood) indicate a better fit to that type of data. The
headings "U.S. survey" and "Canadi an survey" refer to the NWFS

triennial survey data from the U S. and Canadian zones,

respectively.

Emphasis 0.1 1.0 5.0 - 10.0 25.0 100.0

Numbers at age 2
by year class

1977 2.978 2.383 2.162 2.173 2.219 2.374
1980 8.000 6.585 6.258 6.225 6.095 5.512
1984 4.920 5.310 6.110 6.262 6.461 6.696
1987 0.931 0.774 0.903 0.920 0.883 0.836

Log(likelihood)

components ,
U.S. fish. age -169.1 -186.0 -210.5 -214.1 -221.1 -249 .4
Can. fish. age -238.6 -234.7 -231.2 - -231.3 -233.0 -250.3
U.S. survey age -130.7 -154.7 -186.0 -194.6 -205.4 -232.5
Can. survey age -61.5 -58.9 -61.5 -62.7 -63.5 -68.0
U.S. surv. biom. -78.0 -17.4 5.5 7.3 8.7 10.0
Can. surv. biom. -19.5 3.4 6.1 6.1 6.1 6.3

Age 2+ biomass

(milliog t)

in 1990 2.107 1.892 2.018 2.055 2.091 2.082

*Bi omass of ages 2 and ol der at the begi nning of 1990.
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Table 17 .--Selectivity at age used in reconstructing the historical
recrui tnment and abundance of Pacific whiting. For all data
sources except the NMFS triennial survey data fromthe U S. and
Canadi an zones, a double logistic curve was used to nodel
selectivity. For the NMFS triennial survey data fromthe U S
zone, selectivity was fixed at 1.0 except for ages 2 and 3 where
i ndi vidual selectivity coefficients were estimated. For the NWFS
triennial survey data fromthe Canadi an zone, only the descending
linb of the selectivity curve was nodel ed using a |ogistic
function.  The headings "U. S. survey" and "Canadi an survey" refer
to the NMFS triennial survey data fromthe U S. and Canadi an
zones, respectively.

Age U.S. 1975 U.S. Dark (1975) U.S. survey Canadian Canadian
(years) fishery fishery age comps. fishery  survey
2. 0.04 0.19 0.00 0.45 0.00 1.00
3 0.15 0.25 0.00 0.74 0.51 1.00
4 0.42 0.32 0.01 1.00 0.56 1.00
5 0.73 0.41 0.10 1.00 0.61 1.00
6 0.92 0.52 0.42 1.00 0.67 1.00
7 0.98 0.66 0.83 1.00 0.74 0.99
8 1.00 0.84 0.97 1.00 0.80 0.99
9 0.99 1.00 0.99 1.00 0.88 0.99
10 0.97 0.95 0.99 1.00 0.95 0.99
11 0.86 0.53 1.00 1.00 1.00 0.99
12 0.58 0.18 1.00 1.00 0.94 0.91
13 0.24 0.04 1.00 1.00 0.68 0.46
14 0.06 0.01 1.00 1.00 0.32 0.06
15 0.01 0.00 1.00 1.00 0.10 0.00
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Table 18. - Tine series of biomass and fishing nortality for Pacific whiting as
estimated by a gwwawﬂc version of the stock synthesis nodel
U. S. and Canadi an ishing nortality rates are annual rates
relative to the portion of the stock in their respective nationa
zones. Biomass Is in nmillions of netric tons of age-2 and ol der
fish, and is presented for the beginning of the year and as the
mean within the year. Recruitment is presented as billions of
age-2 fish at the beginning of the year.

Year- Beginning Mean Beginning Recruitment U.S. fish. Can. fish.
biomass biomass spawning biomass (billions) mortality mortality

1958 3.061 2.947 1.398 0.110 0.000 0.000
1959 2.799 2.636 1.335 0.134 0.000 0.000
1960 2.474 2.307 . 1.216 0.104 0.0060 0.000
1961 2.190 2.039 1.054 0.360 0.000 0.000
1962 2.045 1,939 0.920 0.923 0.015 0.002
1963 2.406 2.445 0.847 3.502 0.017 0.002
1964 2.632 2.702 '1.003 0.604 0.015 0.002
1965 2.808 2.771 1.143 1.028 0.011 0.003
1966 2,929 2.824 1.260 1.404 0.130 0.003
1967 2.848 2.689 1.214 0.982 0.179 0.133
1968 2.690 2.585 1.134 1.167 0.064 0.228
1969 2.677 2.556 1.118 1.323 0.091 0.341
1970 2.578 2.431 1.084 0.910 0.175 0.252
1971 2.374 2.250 1.017 0.752 0.145 0.092
1972 2.732 2.745 0.966 3.923° 0.082 0.152
1973 2.887 2.888 1.125 0.423 0.158 0.050
1974 2.808 2.633 1.193 0.403 0.188 0.057
1975 2.635 2.463 1.169 1.316 0.276 0.052
1976 2.331 2.135 1.047 0.275 0.256 0.019
1977 1.954 1.797 0.888 0.295 0.169 0.012
1978 1.572 1.368 0.743 0.180 0.149 0.026
1979 1.643 1.640 0.628 2.162 0.204 0.050
1980 1.666 1.657 0.657 0.285 0.131 0.084
1981 1.584 1.446 0.659 0.355 0.203 0.132
1982 2.257 2.353 0.613 6.258 0.120 0.228
1983 2.309 2.205 0.796 0.333 0.111 0.349
1984 2.204 2.147 0.902 0.076 0.103 0.295
1985 2.135 2.071 1.030 0.196 0.070 0.119
1986 3.117 2.920 0.883 6.110 0.151 0.236
1987 2.824 2.670 1.013 0.102 0.176 0.301
1988 2.508 2.283 1.029 0.252 0.154 0.426
1989 2.238 1.993 0.994 0.903 0.221 0.413
Avg.

1960-89 2.402 2.298 0.978 1.230 0.125 0.135
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Table 19.- -Mdeling the effect of discard on estimated recruitnment and bi omass
using the stock synthesis nodel. Percent discard is determned
relative to the total yield in biomass from a fishery. The |evel
of discard in the U S. and Canadian fisheries for Pacific whiting
was assuned to be equal for this analysis. Mean age-2 recruitnent
isinbillions of fish, age 2+ biomass is in mllions of netric

tons.

Level of discard

0.0% 5.0% 10.0% 20.0%
Total log(likelihood) -631.2 -637.1 -643.8 -658.2
Mean 1977-89 age 2
recruitment 1.347 1.365 1.399 1.444

Age 2+ biomass at the
beginning of 1990 2.018 2.009 2.036 2.038




Tabl e 20. -

-Parameter values for the revised age-structured

long-term Pacific whiting yield.

simul ati on nodel

used to estimate

Age 2 3 4 5 6 7 8 9 10 11 12 13 14 15
USWT 0.280 0.398 0.488 0.566 0.621 0.669 0.720 0.765 0.806 0.863 0.924 0.974 0.992 1.065
CANWT 0.294 0.493 0.603 0.679 0.748 0.788 0.851 0.886 0.915 0.984 1.045 1.090 1.123 1.192
POPWT 0.256 0.388 0.491 0.584 0.651 0.712 0.771 0.827 0.873 0.924 0.976 1.028 1.075 1.117
USSLCT 0.040 0.150 0.420 0.730 0.920 0.980 1.000 0.990 0.970 0.860 0.580 0.240 0.060 0.010
CANSLCT 0.000 0.510 0.560 0.610 0.670 0.740 0.800 0.880 0.950 1.000 0.940 0.680 0.320 0.100
MATURE 0.000 0.500 0.750 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
PROPFEM 0.480 0.501 0.512 0.520 0.524 0.526 0.529 0.536 0.539 0.544 0.553 0.561 0.568 0.575
USCAN 0.000 0.009 0.033 0.087 0.175 0.268 0.329 0.358 0.369 .0.373 0.375 0.376 0.376 0.376
POPINIT 0.903 0.197 0.060 2.695 0.059 0.015 0.045 0.596 0.022 0.011 0.061 0.003 0.004 0.073
NMORT  0.237 0.237 0.237 0.237 0.237 0.237 0.237 0.237 0.237 0.237 0.237 0.237 0.237 0.237
USWI = United States fishery weight at age (9)

CANWT = Canadian fisher weight at age (9)

POPWI = Population weight at age (g)

USSLCT = U S fishery selectivity at age.

CANSLCT = Canadian fishery selectivity at age.

MATURE = Proportion of sexually mature fenales

PROPFEM = Proportion by mpi%ht'of females in the population

USCAN = Proportion of fish mgrating into Canadian zone

POPINIT = Initial population vector (billions).

NMORT = Natural nmortality rate

[N

89



69

Table 21.- -Sustainable yield for different managenent strategies estinated by
averaging the results of 20 replicate simulations of the Pacific
whiting fishery of 1,000 years each using the revised age-
structured sinulation nodel. SB,, used in the variable F and
hybrid al gorithns is defined as the mean femal e spawni ng bi onass
| evel at a constant F strategy where the probability is 0.20 that
the femal e spawni ng bi omass goes bel ow the cautionary |evel of
femal e spawning bionmass (SB.,, ) of 457,000 netric tons. The
average of the annual F values, reported for the variable and
hybrid F strategies, is not equal to F,, because spawning biomass
is nore frequently bel ow SB, than above it. Yield and biomass
are reported in 1,000 t (&t).

Total Spawn. $ of prist. % years
yield Mean biom. spawn. below
Fope  (kt) CV SBype F (kt) CV  biomass SB_,,+
Constant F strategy

Low risk 0.17 168 47.2 “-- --- 889 44 .4 61.8 10.3

Mod. risk 0.24 205 48.0 --- --- 782 46.7 54.4 19.8

High risk 0.31 227 49.2  --- --- 687 48.9 47.8 30.3

35% prist.

spawn. biom. 0.58 278 56.0 --- --- 503 57.6 35.0 54.2

Variable F strategy

Low risk 0.21 202 74.4 782 0.211 785 38.7 - 54.6 10.6

Mod. risk 0.31 226 74.1 782 0.274 691 39.9 48.1 20.9

High risk 0.41 247 74.7 782 0.334 637 41.1 44.3 29.7

35% prist.

spawn. biom. 0.80 278 77.0 782 0.514 503 44.1 35.0 54.2

Hybrid strategy

Low risk 0.22 187 54.8 782 0.189 843 41.8 58.6 9.4

Mod. risk 0.33 221 61.2 782 0.261 728 44,6 50.6 20.3

High risk 0.42 235 64.2 782 0.312 655 44.9 456 30.6

35% prist.

spawn. biom. 0.82 276 71.8 782 0.507 508 46.4  35.3 54.7

Foot = level of fishing nortality required to achieve the stated

P managenent obj ecti ve.

cv

coefficient of variation.



Table 22. --Summary of information used for the short-term yield forecasts of the Pacific whiting resource

. Beginning of the year popul ati on abundance (billions of fish) by age

Year/Age 2 3 A 5 6 -7 8 9 10 11 12 13 14 15
1989 0.903 0.197 0.060 2.695 0.059 0.015 0.045 0.596 0.022 0.011 0.061 0.003 0.004 0.073
1990 1.230 0.707 0.150 0.043 1.811 0.038 0.009 0.028 0.359 0.013 0.007 0.039 0.002 0.060
1991 ---  0.961 0.537 0.107 0.029 1.149 0.024 0.006 0.017 0.219 0.008 0.004 0.027 0.048
[l. Current weight at age (kg)

Year/Age 2 3 4 5 6 7 8 9 10 11 12 13 14 15
U.s. 0.277 0.370 0.443 0.497 0.540 0.558 0.596 0.633 0.668 0.716 0.796 0.852 0.833 0.928
Canada 0.272 0.573 0.592 0.580 0.677 0.664 0.757 0.811 0.825 0.896 0.993 1.030 1.211 1.226
Popul. 0.284 0.379 0.457 0.520 0.568 0.594 0.633 0.677 0.718 0.757 0.815 0.892 0.972 1.048

1989 estimated yield: U.S.-211,000 t Canada-98,000 t.
1990 expected yield: U.S$.-196,000 t Canada-73,500 ¢

1990 beginning of year spawning biomass: 873,000 t
1991 beginning of year spawning biomass: 739,000 t

t = metric tons

0L
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Table 23. - -Sunmary of the 1991-93 potential annual yields. Yield and bionass
projections are in thousands of tons. Recruitment scenarios are
described in Item VII.

I bgb[Lq“ lowrisk strategy [I.  Constant F, lowrisk strategy
(F = 0.22) (F = 0.17)

Recruit. _ Spawn. Age- 2+ Recruit. Spawn. Age- 2+
scenario Year Yield biomss bionmass scenario Year Yield biomass bionass
A 1991 183 738 2,396 A 1991 152 738 2,427

1992 183 889 2,072 1992 147 905 2,133
1993 205 895 1,624 1993 168 927 1,713
B 1991 175 738 2,356 B 1991 146 738 2,385
1992 145 649 2,167 1992 139 664 . 2,198
1993 163 806 1,802 1993 131 = 822 1,858
c 1991 175 738 1,436 C 1991 146 738 1,464
1992 138 649 2,127 1992 133 664 2,157
1993 112 565 1,908 1993 123 581 1,923
D 1991 175 738 1,436 D 1991 146 738 1,464
1992 138 649 1,206 1992 133 T 664 1,236
1993 105 565 946 1993 116 581 961
I1l.  Hybrid, moderate-risk V. Constant F, nobderate-risk
strategy (F = 0.33) strategy (F = 0.24)

Recruit. _ Spawn. Age-2+  Recruit. _ Spawn. Age- 2+
scenario Year Yield biomass bionass scenario Year Yield bionmass bionmass
A 1991 265 738 2,317 A 1991 209 738 2,371

1992 249 849 1,938 1992 195 876 2,039
1993 272 827 1,445 1993 218 878 1,583
B 1991 253 738 2,282 B 1991 200 738 2,333
1992 186 610 2,064 1992 183 637 2,110
1993 208 751 1,669 1993 168 776 1,748
C 1991 253 738 1,361 C 1991 200 738 1,412
1992 176 610 2,027 1992 174 637 2,072
1993 135 512 1,802 1993 156 536 1,820
D 1991 253 738 1,361 D 1991 200 738 1,412
1992 176 610 1,106 1992 174 637 1,151

1993 125 512 843 1993 145 536 862
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Tabl e 23.- -Continued

V.  Hybrid, high-risk V. Constant F, high-risk
strategy (F = 0.42) strategy (F = 0.31)
Recruit. Spawn. Age- 2+ Recruit. Spawn. Age- 2+

scenario Year Yield biomass bionass scenario Year Yield biomss biomass

A 1991 327 738 2,257 A 1991 264 738 2,318
1992 295 819 1,842 1992 236 850 1,953
1993 313 778 1,322 1993 260 834 1,469
B - 1991 311 738 2,226 B 1991 252 738 2,283
1992 210 581 1,993 1992 221 611 2,031
1993 229 714 1,587 1993 198 735 1,652
C 1991 311 738 1,305 c 1991 252 738 1,362
1992 197 581 1,958 1992 208 611 1,997
1993 146 476 1,734 1993 181 496 1,733
D 1991 311 738 1,305 D 1991 252 738 1,362
1992 197 581 1,037 1992 208 611 1,076
1993 134 476 776 1993 168 496 778
VI, Recruitment scenari os

Year cl ass Annual recruitnment

A 1989 strong
1990 weak
1991 weak
B. 1989 weak
1990 strong
1991 weak
C. 1989 weak
1990 weak
1991 strong
D. 1989 weak
1990 weak
1991 weak

Note: Strong - 3.526 billion (nmean of top 25% historical recruitnent)
Weak recruitnent - 0.283 billion (nmean of historical recruitnent
bel ow medi an)
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Figure 12. --Estimated bionmass (metric tons, t) by region for the triennial
west coast assessment surveys in 1977, 1980, 1983, 1986, and 1989.
The estimates were obtained by summing the bottomtraw and
acoustic estimates. Sources: Dark et al. 1980, Winberg et al,
1984, Nel son and Dark 1985, Col eman 1986, Col eman 1988, Neal
WIIliamson, pers. commun., My 1989
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Figure 13. --Annual migration curves for 1982-89 estimated by a version of the
stock synthesis nodel incorporating geographic structure. These
curves represent the annual age-specific fraction of the
popul ation mgrating into Canadian waters.
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Figure 14. --Selectivity curves for the U S. and Canadian fisheries estinmated
by the stock synthesis nodel.
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Figure 15.-- Fit to the triennial National Marine Fisheries Service assessnent
surveys in U S and Canadian waters using a geographic stock
synthesis nodel. (Qbserved (obs.) and expected ?exp.) survey
bi onass is expressed in mllions of metric tons (t).
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Figure 16. --The effect of changing the enphasis factor for the survey bi omass
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i kel'i hood components for the different sources of information
used to fit the synthesis nodel (bottom panel). A less negative
value for an information source Indicates a better fit of the
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the U S. and Canadian zones, respectively.
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Figure 17. --A conparison of estimtes of Pacific whiting recruitnent and
popul ation biomass (netric tons, t) for two estimation runs of the
stock synthesis nodel. In one run the 1989 survey biomass is
gi ven the same wei (};]ht as the other survey biomass observati ons.
In the other run the 1989 survey biomass was given no weight in
fitting the nodel.
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Figure 19.--Tine trend of U S and Canadian full recruitment fishing nortality
(F) for the coastal Pacific whiting population. Full recruitment
occurs at age 8 in the US. fishery, and at age 11 in the Canadi an
fishery. The fishing nortalities are annual rates and apply to the
portion of the stock that is in each national zone. A single nean
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Frequency histogram of female spawning bionmass (mllion netric
tons, t) resulting from20 replicate 1,000 year sinulations of an
unex?l oited Pacific whiting population. Recruitnments to drive the
nodel were obtained by resanmpling fromthe observed recruitnent
for 1958-87 year classes. A cautionary level of female spawning
bi onass of 457,000 t was identified as the 0.1 percentile of the
enpirical distribution of femal e spawning bionmass for an

unexpl oi ted popul ation.
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Figure 22. --Conparison of the constant F strategy, the variable F strategy,
and the hybrid strategy for managing the Pacific whiting fishery.
Top panel, yield curves in nmillions of metric tons (t); mddle
panel , percent of years below a cauti onar%/ femal e spawni ng bi omass
of 457,000 t; and bottom panel, percent of pristine fenale
spawni ng bi omass.
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Figure 23. --Time trend of Pacific whiting female Sﬁamning bi omass (mllion
metric tons, t) for 1958-91. The two horizontal lines in the
graph indicate the average unexploited femal e spawni ng bi omass
['evel and the cautionary femal e spawni ng bi omass |evel used in the
analysis to define risk. The average femal e spawni ng bionmass from
1958 to 1990 was 0.892 nillion t. Trajectories A, B, C, and D
represent the projected fermal e spawning biomass for 1991-94 with a
noderate risk hybrid harvesting strategy (F = 0.34) under
recruitnent scenarios A, B, C and D (See Table 23 for a
description of the different recruitment scenarios.)
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Figure 24.-- Length frequency and catch at age of Pacific whiting in the U S.
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fisheries. The | ength-frequency histogramfor 1990is based on a
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